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O05-05 森本真司　（東北大学） スバールバル諸島ニーオルスン及びカナダ・チャーチルにおける 大気中の温室効果気体および関連気体の変動
O06-05 石井雅男　（気象庁気象研究所） チャクチ海とカナダ海盆域における海洋表層の二酸化炭素とメタンの分布及び変動要因
O07-05 町田敏暢　（国立環境研究所） 北極域上空における温室効果気体の変動





























P01-001 保坂征宏　（気象研究所） 陸面モデルHAL における氷床域の取り扱いの改善




P02-006 FAN Rong　（北海道大学） Ecology of willow in the Arctic for reconstruction of Indigirka river condition and its tributaries.
P02-007 両角友喜　（北海道大学） High resolution vegetation mapping for GRENE-TEA observation sites and Estimation of CH4 emission in Taiga-Tundra boundary
P02-008 村瀬潤　（名古屋大学） 北東シベリアタイガ‐ツンドラ境界域湿地土壌のメタン酸化ポテンシャル
P02-009 小谷亜由美　（名古屋大学） 東シベリアカラマツ林でのフラックス観測と湿潤イベントへのカラマツ林の応答


















- 　 Accurate detection of year-to-year variability of growing season in a boreal forest in eastern Siberia
P02-023 町屋広和　（国立極地研究所/海洋研究開発機構） 陸域観測-モデル連携: GTMIP stage 1入力・検証用データセット (Kevo・Tiksi)
P02-024 森淳子　（国立極地研究所/海洋研究開発機構） 北極陸域モデル相互比較プロジェクトGTMIP stage1 -積雪・凍土・土壌水分再現性比較-
P03-025 鷹野敏明　（千葉大学） 雲レーダー FALCON-A による北極ニーオルスンでの雲観測
P03-026 小林拓　（山梨大学） 雲粒子顕微鏡ゾンデによるニーオルスンでの係留気球観測
P03-027 Puna Ram Sinha　（東京大学） Measurement of refractory black carbon mass concentrations in falling and deposited snow in the Arctic
P03-028 大島和裕　（海洋研究開発機構） シベリア三大河川における大気・陸域水循環の解明と，北極の大気－海洋－陸域相互作用研究への展望
P03-029 相澤拓郎　（筑波大学） Three Dimensional Structures of the Arctic Cyclones
P03-030 田村美奈　（筑波大学） 北半球の自然変動が十年スケールの地上気温変動に及ぼす影響についての研究
P03-031 小松謙介　（三重大学） The moisture updrafts on the cold pool captured by the continuously radiosonde observation passing through themarginal ice zone in Laptev Sea
P03-032 安藤雄太　（三重大学） 初冬の日本に影響を与える大気循環と周辺の海面水温の季節変化











P04-044 箕輪昌紘　（北海道大学低温科学研究所） Water properties and circulation in front of tidewater glaciers in northwestern Greenland
P04-045 箕輪昌紘　（北海道大学低温科学研究所） Short-term variations in the dynamics of Bowdoin Glacier in northwestern Greenland
P04-046 Podolskiy Evgeny　（北海道大学低温科学研究所） Seismic emissions from a tide-water calving glacier (Bowdoin Glacier, Greenland)
P04-047 的場澄人　（北海道大学低温科学研究所） グリーンランド氷床北西部の積雪堆積環境の時空間変動




P04-052 大畑哲夫　（国立極地研究所） 東シベリア・スンタルハヤタ山塊のNo. 31 氷河の長期変動に関する考察









P04-057 永塚尚子　（国立極地研究所） Sr-Nd 同位体比を用いた北極域の積雪中ダストの供給源推定
P04-058 塚川佳美　（国立極地研究所） アラスカ積雪中のブラックカーボン及び固体微粒子の空間分布
P04-059 張勇　（国立極地研究所） Surface mass balance of Arctic glaciers: past and future trends
P04-060 紺屋恵子　（海洋研究開発機構） Application of a distributed surface mass balance model to ice caps in northwestern Greenland
P04-061 Ralf Greve　（北海道大学低温科学研究所） グリーンランド北西部カナック地域ボードイン氷河の流動に関する数値実験
P04-062 齋藤冬樹　（海洋研究開発機構） Structural Uncertainties in Simulated Projection of Greenland ice sheet
P05-063 伊藤昭彦　（国立環境研究所） 将来の気候変動が北半球高緯度域の陸域炭素収支に与える影響：ISI-MIP データを用いた解析
P05-064 Shamil Maksyutov　（国立環境研究所） High-resolution CO2 flux inversion model for regional study in Siberia
P05-065 Dmitry Belikov　（国立極地研究所/国立環境研究所） Simulation of CO2 and CH4 in the subarctic using coupled Eulerian-Lagrangian model
P05-066 Kunchala Ravi Kumar　（国立極地研究所/海洋研究開発機
構）
Assessment of ACTM global model performance using CONTRAIL aircraft observations of greenhouse gases
P05-067 石島健太郎　（海洋研究開発機構） Analysis of atmospheric methane from Siberian tower observation using chemistry transport model
P05-068 笹川基樹　（国立環境研究所） 西シベリアにおけるタワー観測ネットワークを用いた二酸化炭素・メタンの連続測定
P05-069 後藤大輔　（国立極地研究所） スヴァールバル諸島ニーオルスンにおける酸素／窒素比および大気ポテンシャル酸素の高精度連続観測
P05-070 吉川久幸　（北海道大学） Variations in atmospheric CO2， CH4， CO and BC on Rishiri Island， northern Japan
P05-071 豊田栄　（東京工業大学） 北極域における大気中N2O isotopoculeの時空間分布
P05-072 豊田栄　（東京工業大学） 北極海における溶存メタンおよび一酸化二窒素の濃度と isotopoculeの分布





P06-078 西野茂人　（海洋研究開発機構） Water mass characteristics and their temporal changes in a biological hotspot in the southern Chukchi Sea
P06-079 溝端浩平　（東京海洋大学） Wintertime variability of the Beaufort Gyre in the Arctic Ocean derived from CryoSat-2/SIRAL observations
P06-080 漢那直也　（北海道大学低温科学研究所） A role of sea ice melt water on iron supply to surface water in the polar and the sub-polar Ocean
P06-081 近藤能子　（長崎大学） Transport of trace metals (Mn， Fe， Ni， Zn and Cd) in the western Arctic Ocean  (Chukchi Sea and Canada Basin)in summer 2012
P06-082 大木淳之　（北海道大学） Distributions of volatile organic iodine compounds in the western Arctic Ocean (Chukchi Sea and Canada Basin) insummer 2012 -a possibility of production in relation to the degradation of organic matter
P06 083 内宮万里央 （国立極地研究所/東京大学大気海洋研究所） St i d t lt d i h d b t i l d ti i th Ch k hi Sh lf t A ti O
研究課題5. 温室効果気体
研究課題6. 海洋生態系




P06-087 和賀久朋　（北海道大学） Distributional shifts in size structure of phytoplankton community
P06-088 喜多村稔　（海洋研究開発機構） チャクチ海南部における動物プランクトン量の季節変動
P06-089 松野孝平　（国立極地研究所/北海道大学） Characteristics of the summer decapod larvae community through Bering and Chukchi Seas
P06-090 佐々木裕子　（国立極地研究所/北海道大学） 北部ベーリング海およびチャクチ海における 北極海産・太平洋産カイアシ類の分布とその環境について




P06-095 佐藤信彦　（総合研究大学院大学） The jellyfish buffet: jellyfish enhance seabird foraging opportunities by concentrating prey
P06-096 渡邉英嗣　（海洋研究開発機構） Arctic NEMUROモデルの開発と海氷域生態系研究への応用
P07-097 小野純　（海洋研究開発機構） Prediction System for the Pan-Arctic sea ice with the MIROC Climate Model















事業概要の報告—5 年間の取り組みについて  
 
プロジェクト・マネージャー	 山内	 恭 1, 2、サブ・プロジェクト・マネージャー	 深澤理郎 3, 1 
1国立極地研究所；2総合研究大学院大学；3海洋研究開発機構 
 
Summary report of the 5-year Project 
 
Takashi Yamanouchi (Project Manager)1, 2, Masao Fukasawa (Sub Project Manager)3, 1 












































飯島慈裕 1、朴昊澤 1、Alexander N. Fedorov2 
1海洋研究開発機構・北極環境変動総合研究センター 
2ロシア科学アカデミーシベリア支部・永久凍土研究所 
Terrestrial environmental change in eastern Siberia in relation to Arctic climate change 
Yoshihiro Iijima1, Hotaek Park1 and Alexander N. Fedorov2 
1Institute of Arctic Climate and Environment Research, JAMSTEC 
2Melnikov Permafrost Institute, SD RAS 
In eastern Siberia, the abrupt soil warming within upper permafrost layer has observed under wet hydro-climatic conditions 
during the warming period after 2000s. According to climatological analyses, the large positive anomalies of both rainfall and 
snow accumulation in eastern Siberia are caused by strengthened cyclonic pattern in these years which induce more water 
vapor advection. These anomalies are more enhanced than those before 1990s. The precipitation increase in the last decade led 
to deepening active layer accompanying with remarkable increase in soil moisture. The perennially waterlogged conditions had 
exacerbated the boreal forest habitat; that is, larch trees had widely withered and died in eastern Siberia detected by field 
observation and satellite (ALOS-PALSAR) remote sensing analyses. The change in hydro-thermal regime could have 





 気候データ解析によって、東シベリアでは、2004～2008 年にかけて、7～9 月の夏季降水量の大幅な増加と、引
き続く積雪の増大が連続して進行したことが示された（Iijima et al., accepted）。これは、北極海上に現れる気圧場
のダイポール構造にともなう、シベリア沿岸域の低気圧活動の強まりと対応していた。ダイポール指標の長期変





















Iijima, Y., T. Nakamura, H. Park, Y. Tachibana, and A. N. Fedorov, Enhancement of Arctic storm activity in relation to 
permafrost degradation in eastern Siberia, International Journal of Climatology, accepted.  
Park H., A.B. Sherstiukov, A.N. Fedorov, I.V. Polyakov and J.E. Walsh, An observation-based assessment of the influences of 




 大澤晃 1, 2、藤井創一朗 2、芳賀祐馬 2、安江恒 3、松浦陽次郎 4、藤井一至 4、梶本卓也 4、森下智陽 5、 
田村行宏 1、Juha Metsaranta6、Leena Finer7、Raisa Makipaa8、Jukka Pumpanen9、Shinya Sugita10, 2、Margus Pensa10、 
Olga Zyryanova11、Anatoly Prokushkin11、Mouctar Kamara1 
1京都大学大学院地球環境学堂、2京都大学大学院農学研究科、3信州大学農学部、4森林総合研究所、 
5森林総合研究所四国支所、6Northern Forest Research Centre, Forestry Canada、7Natural Resources Institute 
Finland(LUKE), Joesnuu、8 Natural Resources Institute Finland(LUKE), Vantaa、9Department of Forest Sciences, 










できる林分構造復元法(Osawa, et al. 2000; 2005)を用いることにより、過去のデータが存在しないマツ、トウヒ、ポ
プラなどが優占する森林の過去数十年から百数十年にわたる林分構造とその変化の推定をおこなった。 
今回の報告に含まれる解析対象はカナダ北西準州 Fort Smith(60oN,112oW)近郊にあるバンクスマツ (Pinus 
banksiana)林 4 林分、マリアナトウヒ(Picea mariana)林 3 林分、ポプラ(Populus tremuloides)林 2 林分、および中央シ
ベリアのトゥラ(64oN, 100oE)郊外のグメリンカラマツ(Larix gmelinii)林 1 林分の合計 10 林分である。中期間(10 年
程度のスケール)および短期間(1 年スケール)の森林成長変動が気候変動とどのように対応しているか、年平均気温
を用いた相関分析とともに、月ごとのデータを用いた多変量回帰分析による応答関数解析をおこなった。中期間
の成長変動(中期的現存量偏差)は、林分復元法によって 5 年または 10 年ごとに推定した地上部現存量と、この現
存量推定値に Hozumi の u-w 解析を適用してあてはめた長期的な林分現存量の成長曲線とのある年における差(現
存量偏差)を計算し、この中期的現存量偏差と年平均気温との相関を解析した。年々の成長変動は、林分復元法か


















Ma, Z., C. Peng, Q. Zhu, H. Chen, G. Yu, W. Li, X. Zhou, W. Zang, and W. Zhang. Regional drought-induced reduction in the 
biomass carbon sink of Canada’s boreal forests, PNAS 109: 2423-2427, 2012.  
Osawa, A., A.P. Abaimov, and O.A. Zyryanova. Reconstructing structural development of even-aged larch stands in Siberia, 
Canadian Journal of Forest Research 30: 580-588, 2000. 
Osawa, A., N. Kurachi, Y. Matsuura, M. Jomura, Y. Kanazawa, and M. Sanada. Testing a method for reconstructing structural 
development of even-aged Abies sachalinensis stands, Trees 19: 680-693, 2005. 
  
 
Past and possible future tree growth over circurmpolar forest ecosystems deduced  
from tree-ring width, delta-
13
C and a DGVM  
 
Shunsuke Tei1,2, Atsuko Sugimoto1,3, Liang Maochang4, Yojiro Matsuura5, Akira Osawa6,  
Hitoshi Yonenobu7, Hisashi Sato8, Ayumi Kotani9, Shin Nagai8, Trofim Maximov10,11  
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2
National Institute of Polar Research 
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 Arctic and boreal ecosystems are exposed to rapid and strong increases in temperature and related environmental 
changes under Arctic ampliﬁcation. Yet, there is uncertainty how trees in these ecosystems respond to the changes due to 
an insufficiency of such long term records and this is where tree-rings can provide an advantage. Early 
dendrochronological studies in the region focused on the positive growth of trees to warmth (D`Arrigo and Jacoby, 
1993). However, A number of more recent studies have demonstrated a reduced sensitivity of tree growth to rising 
temperatures (now referred to as “ divergence problem ” ) at least since the 1960s (e.g.,Wilson et al., 2007). Although 
several studies (e.g., Barber et al., 2000) suggested that temperature-induced drought may limit tree growth under the 
limited availability of soil moisture, the underlying processes for the phenomenon are not well understood.  
 We here investigated past tree response to climate changes, especially to warming, using retrospective analyses from 
tree-ring width and carbon isotope ratios (delta-13C) of three genera (Larix, Picea and Pinus) in 6 forest sites with a 
strong gradient of temperature and precipitation, reaching from northern Europe to northern America; Kalina (59N, 27E), 
Yakutsk (62N, 129E), Ust'Maya (60N, 133E), Chokurdakh (70N, 148E), Inuvik (68N, 133W) and Fort Smith (60N, 
112W). The results suggest that tree response to past climate changes have varied with regions. The tree responses to 
warming are negative in eastern Siberia forests, resulting in decreasing trend of tree growth over past 60 years. On the 
other hand, the negative effect of warming is not seen in European and Canadian forests, where no decrease trend of 
growth is observed. The results then have been used in testing a dynamic global vegetation model (SEIB-DGVM, Sato et 
al., 2007). The simulated annual net primary productions (NPP) show no decreasing trend over the study period and 
discrepancy from tree-ring based long-term (more than half-decadal) growth variations in eastern Siberian forests, 
although relatively better reproductions of the model for the variations are obtained in European and Canadian forests.  
 The observed discrepancy in eastern Siberian forest may become more severe for future projection. We developed a 
climate-driven statistical growth equation that uses regional climate variables to model tree-ring width values for each 
site and then applied these growth models to predict how tree growth will respond to twenty-first-century climate change 
(RCP8.5 scenario). Although caution should be taken when extrapolating past relationships with climate into the future, 
we observed future continues reduction of the growth in central part of eastern Siberia, which is opposite trend from the 
DGVM based estimate. Our results imply that the negative effect of warming override the expected positive effects i.e., 
warming-induced lengthened growing season and increase in photosynthetic ratio, in arid region such as eastern Siberia, 
suggesting further reduction of tree growth by future warming, and no reproduction of the negative effect in the DGVM 
seems to be a cause for the observed discrepancy between tree-ring and DGVM estimates. The negative effect of 
warming for tree growth is a key process for accurate future projection of ecosystem functions and therefore further field 
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モデル−観測連携 GTMIP の成果と将来に向けて  
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Outcomes of and outlook from the Modeling-Field Collaboration GTMIP 
 
Kazuyuki Saito1, Junko Mori2,1, Shin Miyazaki3, Hirokazu Machiya2,1, Takeshi Yamazaki4, Takeshi Ise5, Tetsuo Sueyoshi2, 
The GTMIP group 
1JAMSTEC, 2NIPR, 3SONIC (Inc.), 4Tohoku U, 5Kyoto U 
 
As part of the terrestrial branch of the Arctic Climate Change Research Project (GRENE-TEA), which aims to clarify the role 
and function of the terrestrial Arctic in the climate system and assess the influence of its changes on a global scale, this model 
intercomparison project (GTMIP) is designed to a) enhance communication and understanding between the modeling and field 
scientists (cf. Fig 1), and b) assess the uncertainty and variations stemming from variability in model implementation/design 
and in model outputs using climatic and historical conditions in the Arctic terrestrial regions (Miyazaki et al. 2015). GTMIP 
consists of two stages. The stage 1 is site simulations for the last 3 decades driven by statistically fitted data created through 
model–field collaborations with use of the observation data for four GRENE-TEA sites of different eco-climate background 
(i.e., Fairbanks, Kevo, Tiksi, and Yakutsk) (Sueyoshi et al. 2016). The stage 2 is 0.5°x0.5° circum-Arctic simulations for 1850 
to 2100 driven by outputs of the MIROC-ESM simulations for IPCC AR5 (historical and RCP8.5 scenarios), with bias-
corrected by Reanalysis data. The target metrics for the model evaluation cover key processes in both physics and 





Figure 1. Collaborative schematic before and after the GTMIP. Figure 2. Sites for stage 1. Figure 3. Participating models. 
 
 
19 models of different complexity and disciplinal characteristics, ranging from detailed processes physical models to GCM-
compatible land surface models to versatile physical-biogeochemical models, submitted the simulated results for the stage 1 
(fig 3), and 5 models (namely, Biome-BGC, SEIB-Noah, MATSIRO-permafrost, MATSIRO-ssnowd and VISIT) for the stage 
2, as of early January, 2016. Energy and water budget analysis for the stage 1 showed that latent heat flux (Qle) had smaller 
inter-model differences than other energy fluxes—e.g., sensible (Qh), and net radiation (Rn)—did (fig 4 shows an example for 
Fairbanks). Storage of water within the top 1-m soil was almost in balance, with slight increase (wetting) for Fairbanks, Kevo, 
and Tiksi, while small decrease (drying) for Yakutsuk. 
 
Reproducibility of snow depth largely correlates with the complexity of the physics and numbers of snow layers implemented, 
although no model succeeded in reproducing wind crust in Tiksi. With respect to subsurface thermal regime, importance of the 
snow insulation process, which was found strongly associated with realistic snow density dynamics (and hence, snow 
compaction processes), was demonstrated. Carbon budget was larger for the taiga sites while they are limited for the tundra 
site. Relative inter-model variations in the carbon budget components—especially those for exchanges between the atmosphere, 
i.e., gross primary production (GPP), and auto- and heterotrophic respirations (RA and RH, respectively) —were smallest for 
the Yakutsk site, primarily owing to at the site (fig 5). Since all of the participating ecosystem models assign only one plant 
function type that is dominant at a site, this is speculated to owe to the site’s characteristics that one vegetation type (larch in 
  
this case) dominates the budget. Net ecosystem production (NEP) largely showed positive values (sink for CO2), but individual 
values varied even for the sign.  
 
 
Figure 4. Energy budget 
(Fairbanks; W/m2). SR 
and LR are Short- and 
longwave radiation, and 
suffices d and u denote 
down- and upward. Qg* 
is heat flux to the ground 
obtained as residual. 
 
Figure 5. Carbon 
budget (Yakutsk; 
KgC/m2/year). NPP, 
LFb, RE are net 
primary production, 
litter fall, total 
respiration, total 
respiration. 
Despite a simple seesaw pattern in temperature and precipitation increase projected under the RCP8.5 scenario between the 
Atlantic and Pacific sectors in the circum-Arctic (fig 6a-b), the terrestrial hydrological response, revealed by 
evapotranspiration and soil water storage, showed more complex spatial patterns influenced by regional to local geography and 










Figure 6. Projected changes in a) temperature, b) wetness index, defined as precipitation divided by the potential evaporation, c) 
evapotranspiration efficiency, defined by latent heat flux divided by the potential evaporation, and d) soil water storage in the upper 1-m 
layer for 2071-2100. Changes are shown in terms of difference from the baseline (the 1981-2010 average) for a) and d), while shown in 
terms of ratio to the baseline for b) and c). 
 
 
Other than the scientific outcomes mentioned above, the GTMIP brought qualitative and transformative progresses on the 
following five aspects; i) establishment of communications and a common community between domestic modeling and field 
scientists working on the terrestrial Arctic, ii) deepening mutual understanding among modeling scientists, bridging different 
disciplines (physics, biogeochemistry, and ecosystem) and scales (plot/local to regional to global) of interest, iii) conduct of 
collaborations between the above two communities as a team, iv) creation of observation-fitted, quality-controlled, open-
access common forcing data through the collaboration, and v) creation of standardized, ready-to-use validation data sets 
compiled from different sources that had followed different protocol and conventions among sites, research groups and 
disciplines. 
 
It is an apparent trend in the international Arctic research that groups and projects consisting of the modeling and field science 
communities of different domains (e.g., disciplines or geographical locations) collaborate together to produce substantial 
outcomes. This GTMIP activity has been one of the forerunners in the area of terrestrial research with distinct scope in target 
and unique range of participants. This momentum is being inherited to the currently conducted and/or planned activities, not 
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バールバル諸島・ニーオルスン(北緯 79.0 度、東経 11.9 度)とカナダ・マニトバ州チャーチル(北緯 58.8 度、西経
94.1 度)において、温室効果気体濃度・同位体比及び関連気体濃度の地上高精度時系列観測を継続している。それ
ぞれの観測点における観測項目・観測データの時間分解能を表 1 に示す。 
 ニーオルスンでは、1991 年に週に 1 度の大気採取による CO2、CH4 濃度観測を開始し、その後順次観測項目を
増やしてきた。より詳細な温室効果気体及び関連気体の変動を明らかにするために、2012 年及び 2013 年からそれ
ぞれ、大気中の O2濃度（(O2/N2)と表記する）と CO2、CH4、CO 濃度の連続観測を開始した。(O2/N2)連続観測か
らは、特に 5-6 月に数日周期の大きな（O2 モル比換算で 10 ppm 以上の）O2 濃度変動が観測された。[O2] + 
1.1[CO2]で定義される大気ポテンシャル酸素（APO）、3 次元大気輸送モデルを用いたタグ・トレーサー実験、及
び衛星海色データを用いた解析により、このような変動は主にグリーンランド海、ノルウェー海、バレンツ海に
おける海洋生物のブルーミングによる海洋からの O2放出に起因すること、そして APO 観測から海洋生物活動に関
する情報が得られることが示された。一方、CO2、CH4、CO 濃度の連続観測によって、これらの様々な時間スケ
ールでの変動が明らかにされた。12 月〜3 月の冬期間にこれら 3 成分が同期して上昇する短周期変動が多数回観
測されているが、これらの変動がヨーロッパ・西シベリア域からの化石燃料漏洩・燃焼の影響を受けた気塊の流
入に起因することが明らかになった。また、3 次元大気輸送モデルによるフォワード計算及びタグ・トレーサー実
験により、CO2 濃度の季節変化が陸上生物圏による CO2 固定・放出量の季節変化に起因すること、冬期および夏
期の CH4濃度の変動には、それぞれ人為起源 CH4、湿地起源 CH4の影響を強く受けていることが示された。 
 ニーオルスンおよびチャーチルにおいて、大気中 CH4 濃度と CH4 の炭素・水素同位体比（13C-CH4、D-CH4）
の系統的な観測を実施した。CH4濃度、13C-CH4、D-CH4は明瞭な季節変化を示し、さらに 2006 年以降 CH4濃度
の増加と13C-CH4 の減少が観測された。13CH4 と CH3D それぞれについて収支式を解くことにより、CH4 濃度の季
節変化は、主に 6-9 月の微生物起源（湿地など）の CH4 放出と OH との反応による CH4 消滅のバランスによって
生じていることが示された。これは、タグ・トレーサー実験による推定と整合的である。また、微生物起源 CH4
放出の極大は、チャーチルがニーオルスンよりも約 1 ヶ月早いことも示唆された。ニーオルスンにおける CH4 濃
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MR15-03）に参加し、2012 年から 2015 年の 4 年間、北極海で開氷面積が季節的に最大になる毎年 9 月頃に、大












約 6 µatm（飽和度~300%）に達する高い CH4スポットが見つかった。この海域では、CO2分圧も高いことなどか
ら、この CH4 分圧スポットは、局所的な海底堆積物の巻き上がりに起因すると考えられる。一方、西経 169 度付
近の大陸棚斜面上でも、およそ 3 µatm の CH4 スポットが見つかった。この海域では、バロー沖とは反対に CO2
分圧が著しく低くなっており、高い CH4は現場の生物生産に起因するものと推定される。 
図 MR12-E03 航海（2012 年 9 月~ 
10 月）で観測したチャクチ海とカナ
ダ海盆域の海洋表層の CO2 分圧
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た。ノボシビルスク上空 500m における N2O は濃度が経年的に増加しているのに対し、窒素同位体比は減少して
いることが確認された。 
 一方民間航空機を使った観測は、日本と欧州を結ぶ路線上でシベリア上空における高度 10-12km 付近の大気を
サンプリングし、二酸化炭素(CO2)、メタン(CH4)、N2O、六弗化硫黄(SF6)、一酸化炭素(CO)、水素(H2)の各濃度お
よび CO2と CH4の安定同位体を測定した。サンプリングは 2012 年 4 月より月に 1 回の頻度で自動大気サンプリン
グ装置（ASE）を用いて行われたが、ASE を搭載できる航空機が 2014 年 3 月を最後に欧州路線を飛行しなくなっ




 Figure 1 は圏界面からの温位差（）ごとのサンプルの CO2濃度、CH4濃度、N2O 濃度、SF6濃度の時系列であ





層にある低濃度の CO2が冬季に沈降してくることが要因と思われる。上部対流圏の CH4濃度と N2O 濃度には目立
った季節変動はないが、経年的な増加傾向が観測された。これらの濃度増加率は地上での観測値とほぼ同等であ
った。対流圏の CH4 濃度は OH ラジカルとの反応によって地上付近では夏季に低くなる明瞭な季節変動を示すが、
上部対流圏のような低圧下では OH ラジカルとの反応性が低くなるために季節変動は明瞭ではなくなる。N2O は対
流圏での寿命が長いために濃度の季節変動は見いだしにくい。これに対して成層圏の CH4 濃度と N2O 濃度には非
常に大きな季節変動が確認できる。季節変動を作り出すメカニズムは CO2 と同様に、夏季の対流圏大気の流入と






































Figure 1.  2012年 4月から 2014年 3月にかけて北極域上空の上部対流圏と下部成層圏で観測された(a) CO2濃度、(b) CH4濃度、




Sawa, Y., T. Machida, H. Matsueda, Y. Niwa, K. Tsuboi, S. Murayama, S. Morimoto, and S. Aoki (2015), Seasonal changes 
of CO2, CH4, N2O, and SF6 in the upper troposphere/lower stratosphere over the Eurasian continent observed by commercial 
airliner, Geophys. Res. Lett., 42, doi:10.1002/2014GL062734. 
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Numerical modelling of greenhouse gases (GHGs) has become an integral part for understanding amplitude and variability in 
their concentrations and sources/sinks, atmospheric transport and climate implication. Carbon dioxide (CO2), methane (CH4) 
and nitrous oxide (N2O) are the three major species studied in the Arctic Green Network of Excellence (GRENE), a 
programme funded by the Ministry of Education, Culture, Sports, Science and Technology-Japan (MEXT). In addition some of 
the ozone depleting substances, e.g., methyl chloroform (CH3CCl3), have provided strong constrain on the global mean 
abundance of hydroxyl (OH) radical and its relative abundance in the northern and southern hemispheres (NH/SH OH ratio; 
Patra et al., 2014). Being the main destroyer of many of the GHGs (e.g., CH4, hydrofluorocarbons), accurate quantification of 
OH was needed for estimation of CH4 sink in the troposphere, and thus the sources on the Earth’s surface by inverse modelling 
(Patra et al., 2016). OH is also contributes to chemical production of CO2, up to ~50% of land/ocean sink. The modellers are 
also required to verify the accuracy of model transport using tracers of short (e.g., 222Rn with 3.8 days) and long (SF6 with 
3200 yrs) lifetimes. For understanding of the carbon cycle science, analyses of oxygen (O2/N2) variability are also conducted. 
List of chemistry-transport models (CTMs) participating in the Arctic GRENE programme are given Table 1.      
 
Table 1.  Summary of atmospheric models participated in the Arctic-GRENE project (✓denotes forward simulation of concentrations, and 
þ denotes both forward simulations and regional sources/sinks inverse modeling using the model).    
Model Name* Institution Chemical species simulated for carbon, nitrogen cycle studies and atmospheric transport 
CO2 O2/N2 CH4 N2O SF6 CH3CCl3 222Rn 
ACTM JAMSTEC þ ✓ þ þ ✓ ✓ ✓ 
JMA-CDTM MRI/JMA þ    ✓  ✓ 
NICAM-TM MRI þ  ✓  ✓  ✓ 
NIES-TMi8 NIES þ ✓ þ  ✓  ✓ 
STAG AIST þ ✓   ✓  ✓ 
MJ98-CDTM MRI/JMA þ    ✓  ✓ 
*Detailed description of models can be found in Patra et al. (2014) for ACTM, Maki et al. (2013) for JMA-CDTM, Niwa et al. (2012) for 
NICAM-TM, Belikov et al. (2013) for NIES-TMi8, Taguchi et al. (2013) for STAG, Deushi and Shibata for MJ98-CDTM. 
Figure 1. Examples of recent changes in GHGs and related species concentrations; left (a): observed CO2 seasonal cycle amplitude change 
since the International Geophysical Year (from Graven et al., 2013; copyright Science), center (b): model - observation comparison of CH4 
over the past 100 years (Ghosh et al., 2015), right (c): simulation of observed CH3CCl3 decay for estimation OH in troposphere (Patra et al., 
2014; copyright Nature). The detailed modelling capabilities of different participating groups are listed in Table 1. 
 
   Figure 1 shows examples of observed and model simulated concentrations of CO2, CH4 and CH3CCl3. Using the direct CO2 
measurements at the surface sites and aircrafts in the lower-middle troposphere during 1958 and 2011, an increase in seasonal amplitude of 
CO2 throughout the troposphere is detected (Graven et al., 2013). The detection of longterm trends in GHGs is key to track the changes in 
a b c 
  
biospheric and anthropogenic activities on the Earth’s surface, and it is suggested that the CO2 seasonal amplitude increase with time is 
mainly caused by greater carbon assimilation in the summer months over the boreal latitudes. Using model simulations and analysis of 13C 
isotopic fractionation in atmospheric CH4 over the past 100 years (Fig. 1b), the fastest increase rate during 1955-1990 is attributed to 
enhanced biomass burning (Ghosh et al., 2015). For modelling of atmospheric CH4, the transport and chemistry in ACTM have been 
evaluated using SF6 and CH3CCl3 (Patra et al., 2014). We are continuing to collaborate with various observational groups in Japan for further 
elucidating the variations in GHGs in the Arctic region, e.g., model results are being used for analysis of the observational data collected as a 
part of the Arctic GRENE project; e.g., O2/N2 (Goto et al.; Ishidoya et al., in prep.), CH4 on the ship cruises (Tohjima et al., 2016).   
   Several inverse modeling schemes are also being developed using forward transport models developed in AIST, JAMSTEC, JMA, MRI 
and NIES. Figure 2b shows examples of CO2 fluxes estimated for the arctic region in comparison with the global total fluxes for the land and 
ocean regions as estimated by ACTM in JAMSTEC. Analyses of CO2 fluxes for different parts of the globe suggest that the difference 
between winter release and summer uptake is increasing in the boreal regions (Fig. 2c using NICAM-TM at MRI; Niwa et al., 2012, updated) 
and that the flux amplitude change is mainly governed by the summer uptake increase (Welp et al., 2016). A multi-model analysis of CO2 
inversion fluxes using the flux tower measurements at Yakutsuk, in Siberia and biogeochemical cycle models is being conducted for 
understanding the trends in CO2 fluxes due to climate variations (Takata et al., 2015, also in prep.).  
Figure 2. Distribution of CO2 sources and sinks around the Arctic region (a) compared to the global totals as simulated by ACTM (b; middle 
panel), and CO2 flux amplitude change for 4 major regions in the Northern Hemisphere by NICAM-TM (c: right panel). 
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よび様々な形態のデータ公開サービスの開発を推進し，規模としては，ICSU が提唱する”System of data systems”











身近にグリッドデータの利用が可能になる．また ADS では JAXA と共同で地球観測衛星データ（AMSR2)を利用
した，南北極域の海氷密接度，海面水温及び積雪状況を研究者だけではなく，一般の方々に広く紹介することを








タデータの連携を行うインターフェースとして OAI-PMH2 と GI-CAT の実装を行った．ADS では，GEO-Poral と
の連携研究を開始すると共に，WMO の GCW との連携を開始した．今後，様々なデータ機関との連携を推進しメ
タデータの国際的な流通を促進する予定である．また ADS では日本で唯一の DOI 発行機関である JaLC を通して
データへの DOI 付与を行いサービスを始めている．これは，データ提供者のデータ登録へのインセンティブ確保
につながると考えられる． 
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・スンタルハヤタ No. 31 の氷河が 1940 年代から 2012 年までの間に 500～600m 後退、 
・HYOGA モデルを基に氷河質量収支を推定したところ、IGY 期からの質量損失は約 20m w.e.である。 
・諸情報を総合すると、No.31 氷河は IGY 期から現在までの氷河縮小は、1990 年代半ば〜2000 年代から現在の間
に急速に進んだと言える。北極地域の他の山岳・谷氷河の変化に比べると、中間的な変化をしていると言える。 






In this project, Observations of glacier in Greenland and Siberia are focused, then analysis are is expanded to the wide 
Arctic regions by using world glacier inventory data. Although glacier ablation increases by warming of summer, increase of 
winter snow fall accumulate glaciers. Since enough observation information was not expected in the mountainous region 
around glacier, climate model data and regional climate model data around the glacier regions are used for projection of future 
glacier change. Greenland ice sheet has accelerating ice mass loss condition. Research of ice change dynamics was required for 
understanding and forecasting change. 
Mountain glaciers on the Arctic are small but their number is large. As the mountain glacier are sensitive to reduce the ice 
mass by change of climate, this project used world glacier inventory data for monitoring glacier change in the entire Arctic 
region and focused detailed change patterns in Siberia and Altai mountains. The field research revealed glaciers in the Sunar-
Khayata region is reducing ice mass in the last decades. Terminus of Glacier No. 31 retreated 500～600m between 1940s and 
2012. Model calculation by HYOGA model estimated ca.20m w.e. of ice loss was occurred since IGY. The reduction of ice 
mass has occurred intensively after 1990s. 
The field observation revealed, currently the entire part of glacier is dominated by melting. It causes to accelerate ice mass 
loss of glacier in in Siberia in the present climate.  
Future projection of glacier mass change and melt water discharge from glacier area in Altai shows possibility of large 
variability, as the change is very sensitive to the summer temperature and winter precipitation which are expected to increase 










Glaciers monitored by the World Glacier Inventory, 
and focused area of Greenland, Siberia and Altai area 







21 世紀の気候変化予測（RCP4.5 および 8.5）に対するよる
アルタイ地域の氷河の将来変化予測（Zhang et al., Climate 




Projected annual surface mass balance (a), changes in glacier area 
relative to the 2005 ice area (b), meltwater discharge (c), and 
meltwater discharge with an assumption of no change in glacier 
area (d) for RCP4.5 and RCP8.5. Shading in (a) and (c) and 
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Ice discharge from calving glaciers has increased in the Greenland ice sheet (GrIS). This increase plays important roles in the 
volume change of GrIS and its contribution to sea level rise (van den Broeke et al., 2009). To investigate the mass loss of GrIS 
calving glaciers, ice surface elevation change has been studied by differencing digital elevation models (DEMs) derived by 
satellite remote-sensing. Advanced Land Observing Satellite (ALOS), Panchromatic Remote-sensing Instrument for Stereo 
Mapping (PRISM) images have a spatial resolution of 2.5 m, which is fine enough to measure several meters of elevation 
change on glaciers (Sawagaki et al., 2012). The large spatial coverage of the images (1225 km2) is suitable for studying 
glaciers distributed over a large area. 
In this study, we measured surface elevation change of 17 outlet glaciers near Inglefield Bredning in northwestern Greenland 
(77°47′–78°10′N, 65°00′–72°47′W). These glaciers flow into the ocean except for two land-terminating glaciers. We processed 
stereo pair of ALOS PRISM images acquired in summer 2007 and 2010 with a digital map plotting instrument (Leica 
Photogrammetry Suite) to generate DEMs with a 25 m grid mesh. Elevation data from ALOS DEMs were calibrated on ice-
free terrain, and compared to calculate ice surface elevation change between 2007 and 2010. 
The surface elevation of all the studied glaciers decreased and the rate of the elevation change increases downglacier. The 
mean elevation change rate ranged from −0.4 to −4.9 m a−1. Marine-terminating Tracy and Bowdoin Glaciers thinned at rates 
of −4.9 and −4.1 m a−1, which were larger than those at other glaciers. The rate at Tugto Glacier, a land-terminating glacier 
located near Bowdoin Glacier, was −2.8 m a−1. This result confirms that recent thinning of GrIS outlet glaciers is more 
significant at marine-terminating glaciers as compared to land-terminating glaciers. Rapid thinning of marine-terminating 
outlet glaciers observed in this study suggests the importance of ice dynamics and/or ice-ocean interaction in the mass loss of 
GrIS. 
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センター（NOAA/NCDC）の北半球の Weekly 積雪チャート（Armstrong and Brodzik, 2013）を用いると、秋期の積












目的とする。入力とする衛星データには、1978 年 11 月から 2000 年 2 月までは米国気象衛星 NOAA シリーズに搭
載されている AVHRR センサの GAC（4 ㎞間引き放射輝度）データを、2000 年 2 月以降は米国地球観測衛星 Terra
および Aqua 搭載の MODIS センサの MOD02SSH（5 ㎞間引き放射輝度）データを用いた。あらかじめ放射輝度を
0.05°間隔の全球等緯度経度格子座標に投影したものを 1 日毎に作成し、地表面の分光反射率・輝度温度とその時
間変動の情報をもとに積雪域の判定を行った。その際、異なるセンサ間の積雪検知性能を同一に保つため、
AVHRR、MODIS 両データの解析には AVHRR が有する 5 つのチャンネルと同一波長帯の輝度データのみを使用し
た。積雪面積は、上記の 1 日単位の積雪域の判定結果を半月間単位で合成したものから算出した。また、積雪被
覆期間は、1 月上旬から 12 月下旬まで半月単位で集計した積雪被覆日数割合を年毎に総計して求めた（以下、本
研究で作成したデータを JAXA 版と呼ぶ）。積雪域の検知精度の評価には、NOAA/NCDC が公開している Global 
Historical Climatology Network-Daily（GHCND）（Menne et al., 2012）データに格納されている地上計測された積雪
深（積雪深 2.5 ㎝以上を積雪有り、日最高気温 2.5℃以上を湿雪有りと判定）を用いた。また、冒頭に述べた
NOAA/ NCDC の北半球 Weekly 積雪チャート（以下 NOAA 版と呼ぶ）を用いて同様に積雪検知精度を評価し、
JAXA 版の性能と比較した。 
GHCND の積雪深を用いて評価した結果、積雪域判定の正答率は JAXA 版、NOAA 版ともに 80%程度であった








様に短縮化が進んでいるわけではないことが見えてくる。図 1 は、北半球の積雪被覆期間の 30 年平均値および積
雪被覆期間、積雪消失日、積雪開始日の 30 年トレンドを示している。 北半球で最も短縮化が進行しているのは、
欧州からロシア西部にかけてのユーラシア大陸西部地域で、例えば、ウクライナ周辺では 30 年間で 40 日以上の



























Figure 1.  Spatial distribution of (a) 30-year averaged snow cover duration, (b) snow cover duration trend, (c) snow melt date trend, and (d) 
















Figure 2.  Year to year variations of snow cover durations at Kevo, Finland derived from satellite data (white bar) and in-situ snow depth 
(red solid line). Those of wet snow cover duration are also plotted as blue bars. 
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Studies on black carbon and dust in the Arctic snow 
 
Kumiko Goto-Azuma1, 2, Yoshimi Ogawa-Tsukagawa1, Konosuke Sugiura3, Naoko Nagatuska1, Sho Ohata4, Tasuhiro Mori4, 
Nobuhiro Moteki4, Makoto Koike4, Motohiro Hirabayashi1, Remi Dallmayr1 and Hiroyuki Enomoto1, 2 
1National Institute of Polar Research 
2SOKENDAI (The Graduate University of Advanced Studies) 
3 University of Toyama 
















本研究では 2012 年～2015 年の 2 月～3 月にかけて、アラスカ、フィンランド、シベリア、モンゴルの多地点で一
冬分の積雪を採取し、その中に含まれるブラックカーボンと固体微粒子の分析を行った。ブラックカーボンの分
析は、GRENE 北極事情の研究課題（３）「北極温暖化のメカニズムと全球気候への影響：大気プロセスの包括的
研究」（研究代表者：浮田）において東京大学を中心とする研究グループが開発したWide- range SP2（Mori et al., 
投稿中）を用いて実施した。SP2 は、レーザー誘起白熱法を用いた分析法であるが、本研究で用いた Wide- range 
SP2 は、市販の SP2 を改造し、大粒径のブラックカーボンを測定できるようにした装置である。固体微粒子は、
Coulter Multisizer 4 を用いて濃度と粒径分布を測定した。一部のサンプルについては、走査型電子顕微鏡でブラッ
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いた。また数値モデル計算においても北極へ輸送される BC の除去過程の表現などに問題があり、北極 BC の挙動
の再現性に問題があった。さらに BC に限らず人為起源のエアロゾルが北極に輸送されることにより、雲微物理量
に影響し、雲の放射効果や降水過程に影響する可能性についても大きく理解が遅れていた。 
 このような研究背景から GRENE 北極事業では、研究課題（３）「北極温暖化のメカニズムと全球気候への影
響：大気プロセスの包括的研究」（研究代表者：浮田甚郎）において、BC の動態解明などが行われた。第 1 に、
東京大学が開発してきた COSMOS 測定器を使った観測を、北極大気の代表的な観測拠点であるアラスカのバローと




ルム大学により CLAP /PSAP 測定器を使ったエアロゾルの光吸収係数測定が 20 年以上実施されている。このエア
ロゾルの光吸収係数から BC 質量濃度に変換するためには、単位質量あたりの BC による光吸収係数の値（質量吸
収係数）が必要となる。本研究では COSMOS との同時観測との比較から、これら長期観測で使用されている測定結




た。降水・降雪による BC 除去過程は、BC の大きな発生源があるアジアから北極への輸送中での除去効率を推定す
る上でも、重要な知見である。本研究では降雪・降水試料中の BC の粒径別数濃度を測定するために、水試料をネ
ブライザー（噴霧器）で霧粒化したのちに乾燥させ、生成した BC を BC 測定装置で測定する手法を理論的・実験
的な研究により確立した。そしてニーオルスンとバローにおいて 2013 年からの 2 年間にわたり BC の湿性沈着量
の定量化に成功した。この結果、降水中の BC 濃度と、この BC 濃度と降水量の積である BC 沈着フラックスは、冬
季・春季に高く夏季には低くなっていることがわかった。これは大気中 BC 濃度の季節変化と整合的である。本研
究で初めて明らかとなった BC 沈着量は、今後の数値モデル計算の検証などで重要な役割を果たすものである。 
本研究では第３に、北極への BC 輸送に関わるエアロゾルモデル研究をおこなった。アジアなどの BC の地上発
  
生源からの輸送中の BC の降水除去過程は、北極 BC 動態を数値モデルで再現する上で鍵となるプロセスである。






エアロゾルモデルはアジアなどからの北極への BC 輸送・湿性除去過程を定量化する上での基礎となるものである。 
本研究では第４に、北極圏で初めて雲微物理量の連続直接観測を実施し、雲粒数濃度が冬季に比べて夏季に増
加する季節変化などを明らかとした。観測はニーオルソンのゼッペリン山山頂の観測所（標高 450m）において、
2013 年から 2 年間にわたり実施した。ゼッペリン山山頂と山麓では、それぞれストックホルム大学とイタリアの
フィレンツェ大学などのチームがエアロゾルの粒径分布の観測を実施している（後者は夏季のみ）。雲粒数濃度







ー研究所、アメリカの NCAR をはじめとする多くの研究機関の研究者の協力のもとに実現した。またバローの BC
データはアメリカ NOAA の J. Ogren 氏とカリフォルニア大学バークレー校の Y. Zhao 氏、ゼッペリン山のデータ
はストックホルム大学の J. Strom 氏と P.Tunved 氏と NILU の O.Hermansen 氏、ゼッペリン山山麓データは
















Study of interaction between Arctic cloud properties and sea-ice 
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 We examined relationship between vertical structure of cloud properties and sea-ice in the Arctic. Cloud frequency of 
occurrence and phase were derived by the analysis of CloudSat radar and CALIPSO lidar data for four years from June 2006 to 
December 2010. We first applied cloud mask scheme (KU-mask) to determine cloud three-dimensional location [Hagihara et 
al., 2010]. Then cloud particle classification scheme (KU-type) was applied to distinguish cloud water and ice from CALIPSO 
[Yoshida et al., 2010]. Ice microphysics was also examined by the ice microphysics algorithm (KU-micro) [Okamoto et al., 
2010]. Water vapor and temperature were retrieve by infrared sounder AIRS on Aqua [Ishimoto et al., 2014]. For the sea-ice 
extent, JAXA-L2 product of sea-ice concentration from microwave radiometer AMSR-E on Aqua was used to derive sea-ice 
pixels in Arctic regions. When sea-ice concentration is larger than 15%, the sea ice is assigned for the latitude >65N. We found 
the total cloud cover has a local maximum in May, local minimum in July and local maximum in September to October 
periods. Cloud particle type classification showed that water cloud cover exceeded between May and October than that of ice 
clouds and ice cloud cover exceeded between November and March than that of water clouds. The maximum of cloud cover 
corresponds to the minimum of sea-ice area. Analysis of vertical structure of water clouds indicated that cloud cover at low-
level was the largest among the three height categories and low level clouds was smallest in July and largest in September and 
October. Therefore it was suggested that the decrease of water cloud cover at low-level increased of solar radiation at the 
surface, leading to decline the sea-ice extent in September due to the accumulation of surface heating. And the open water 
might help generation of water clouds. We recently introduced a method to estimate ice super-saturation inside clouds by 
combined use of ice water content retrieved from CloudSat and CALIPSO and water vapor amount from AIRS. In summer, 
RHcr was as large as 120% over Arctic regions and the values were generally higher than other regions except for some land 
areas, e.g., over west part of United States, near west part of south Africa and east part of Asia. Higher values of RHcr were 
also found in the Arctic than other regions in DJF periods.       
 Ground-based 95GHz cloud radar (Falcon-A, developed by Chiba University) and micro pulse polarization lidar observations 
have been conducted to investigate the cloud generation mechanism and cloud life time. Analysis of cloud particle type based 
on the lidar depolarization ratio and attenuation with cloud radar signals showed the super-cooled water cloud layers often 
persisted for more than several hours and were accompanied ice precipitation below. The horizontally oriented ice particles 
were also frequently identified, which was consistent with the analysis of CALIPSO [Yoshida et al., 2010, Hirakata et al., 
2014]. Radar reflectivity factor showed very large values (>0dBZe) and the retrieval effective radius by radar-lidar algorithm 
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This study examines the possible linkage between the recent Arctic sea-ice decline and the winter climate in mid-latitudes, 
especially, the Arctic Oscillation (AO). Observational analyses reveal that a reduced sea-ice area in late autumn leads to more 
negative phase of the AO in winter. A high-top atmospheric general circulation model (AGCM for Earth Simulator, AFES 
version 4.1) is used to simulate the atmospheric response to observed sea-ice anomalies. The results from the simulation reveal 
that the recent Arctic sea-ice reduction results in cold winters in mid-latitude continental regions, which are linked to an 
anomalous circulation pattern similar to the negative phase of AO with an increased frequency of large negative AO events by 
a factor of over two. Associated with this negative AO phase, cold air advection from the Arctic to the mid-latitude increases. 
We found that the stationary Rossby wave response to the sea-ice reduction in the Barents Sea region induces this anomalous 
circulation. We also found a positive feedback mechanism resulting from the anomalous meridional circulation that cools the 
mid-latitudes and warms the Arctic. This feedback adds an extra heating to the Arctic air column equivalent to about 60% of 
the direct surface heat release from the sea-ice reduction.  
The results from this high-top model experiment also suggest a crucial role of the stratosphere in affecting the tropospheric AO 
in winter through stratosphere-troposphere coupling. Although other recent studies also suggest the stratospheric role, the exact 
role remains elusive. With additional experiments in which the stratospheric wave-mean interaction is artificially weakened, it 
is clearly shown that the tropospheric AO response caused by the Arctic sea-ice reduction largely disappears. The results 
confirm a crucial role of the stratosphere in the sea-ice impacts on the mid-latitudes, particularly by interaction between the 
stratospheric polar vortex and planetary-scale waves and by resultant change in the zonal wind in the lower stratosphere. They 
also imply that realistic representation of both Arctic surface boundary conditions and stratospheric processes are critical for 
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研究の成果は時期 IPCC 報告書にむけて整備されている最新版の MIROC に採用され、温暖化予測に貢献する予定
である。 
 
 The atmosphere-ocean general circulation model MIROC has been developed by the Atmosphere and Ocean Research Institute, the 
University of Tokyo, national Institute for Environmental Studies and Japan Agency for Marine-Earth and Technology. The result of global 
warming experiment by MIROC contributed to the Intergovernmental Panel on Climate Change. However, MIROC still has biases due to 
many reasons and improvement of biases is necessary for accuracy of future projection. In the present study, we introduce two new snow 
schemes into the land submodel of MIROC to reduce the temperature bias on the land. One is a sub-grid snow distribution model (SNOWD; 
Liston 2003) which improves snow cover area and seasonality in MIROC. The warm bias in middle and high latitude land is reduced in 
autumn, winter and spring due to the introduction of SSNOWD. On the other hand, summer warm bias is slightly amplified. Then we 
introduced the other new process, a simple wetland scheme (Nitta et al. 2015), which represents a temporal pool of snow melt water. This 
effect increase soil wetness and sensible heat, cooling in middle and high latitudes in summer. These two new processes are introduced to the 








Reproducibility of summer precipitation over northern Eurasia in CMIP5 multi-climate models 
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Reproducibility of summer precipitation over northern Eurasia in the Coupled Model Intercomparison Project Phase 5 
(CMIP5) climate models is evaluated in comparison with several observational and reanalysis datasets. All CMIP5 models 
under- and over-estimate precipitation over western and eastern Eurasia, respectively, and the reproducibility measured using 
the Taylor skill score is largely determined by the severity of these west–east precipitation biases. The following are the two 
possible causes for the precipitation biases: very little cloud cover and very strong local evaporation-precipitation coupling. 
The models underestimate cloud cover over Eurasia, allowing too much sunshine and leading to a warm bias at the surface. 
The associated cyclonic circulation biases in the lower troposphere weaken the modeled moisture transport from the Atlantic to 
western Eurasia and enhance the northward moisture flux along the eastern coast. Once the dry west and wet east biases appear 
in the models, they amplify because of stronger evaporation-precipitation coupling. The CMIP5 models reproduce 
precipitation events well over a time scale of several days, including the associated low-pressure systems and local convection. 
However, the modeled precipitation events are relatively smaller over western Eurasia and larger over eastern Eurasia 
compared to the observations, and these are consistent with the biases found in the seasonal average fields. 
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We present some results of Laîné et al. (under review). It consists of a decomposition of multi-model ensemble mean surface 
temperature changes from 32 CMIP5 models, after 100 years of global warming under the rcp4.5 scenario. The decomposition 
derives from a surface energy budget analysis from which the radiative part is decomposed based on the radiative kernel method 
of Soden et al. (2008). The original article is considering different regional domains separately (land and oceanic domains for 
tropical and different Arctic sub-regions), whereas we present only the results for the Arctic Ocean (North of 60°N, excluding 
Greenland-Island-Norwegian-Labrador Seas).  
 
We show that many different factors contribute to the Arctic Ocean surface temperature change and its seasonality (Fig. 1).  
 
Fig.1: Contributions (color bars) to surface temperature changes (black line) for the Arctic Ocean. Striped bars indicate contributions for which 
the sign of the ensemble mean is not statistically robust among models. 
 
Going beyond the analysis by Laîné et al. (under review), we show that the next step for better understanding the seasonal 
evolution of surface temperature changes over the Arctic Ocean would be to perform a similar surface temperature change 
analysis but for sea-ice and open-ocean portions of the grid cells separately. 
 
References 
Laîné A.; Yoshimori M.; Abe-Ouchi A. (under review) Surface Arctic Amplification Factors in CMIP5 Models: Land and 
Oceanic Surfaces, Seasonality. Submitted to Journal of Climate 
Soden B.J.; Held I.M.; Colman R.; Shell K.M.; Kiehl J.T. and Shields C.A. (2008) Quantifying climate feedbacks using radiative 





















峡を通過する分枝は Atlantic Water layer と呼ばれる深さ 300 m 付近を占める高温水層を形成する。一方、バレンツ
海を通過する分枝はバレンツ海大陸棚上で強い海面冷却を受けた後に外洋域に流出し、Atlantic water layer の上部





































での海氷の動きから夏季の海氷分布の予測を行った。具体的には、各年の 12 月 1 日の海氷域上に約 20000 個の仮
想粒子を等間隔に配置した後、毎日の漂流速度を用いて 4 月末までのその動きを追跡した。こうして得られた４
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Estimation of mechanical increase in sea ice thickness due to sea ice rafting using AMSR-E and 
AMSR2 derived sea ice velocity data 
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 In recent years, the zonal ice band formed by rafted sea ice has often remained in coastal regions in the Arctic Ocean, 
even in the end of summer and blocks the Arctic Sea Route. In the present study, we assumed that mechanical increase in sea 
ice thickness due to sea ice rafting caused by convergence of sea ice motions is an key factor of the formation mechanism of 
such heavy sea ice bands, and developed a method to estimate the mechanical increase in sea ice thickness using satellite-
derived sea ice velocities calculated from AMSR-E and AMSR2 data in 200-2011 and in 2013-2015. We also examined 
influences of mechanical increases in sea ice thickness on sea ice conditions in spring, which is an essential precondition of sea 
ice variations in the subsequent summer. 
 Mechanical increases in sea ice thickness due to sea ice rafting were estimated along Lagrangian sea ice trajectories 
that were tracked backward from 1 May to 1 November in the preceding year. Once sea ice rafting is caused by convergent sea 
ice motions, the increased sea ice thickness does not decrease even under influences of divergent sea ice motions. To take into 
account such non fluid-like properties of sea ice motions, in our estimation method, we assumed that mechanical increases 
occur in the case that the following two conditions were satisfied: (1) sea ice concentration (SIC) after a time interval of about 
1 day exceeded 100 % due to the convergence of sea ice motions. (2) A parameter calculated from satellite-measured 
brightness temperature, a proxy of the sea ice type, fell below the threshold. Along Lagrangian sea ice trajectories, the amount 
of SIC that exceeded 100 % was integrated as the mechanical increase in sea ice thickness. The second condition enables us to 
estimate mechanical increases of only relatively thick sea ice such as multi-year ice by excluding the convergence of new ice 
that does not contribute to mechanical increase in sea ice thickness from the integration. 
 As a result, spring sea ice with large mechanical increases in sea ice thickness during winter tended to distribute in the 
subsequent spring in the following regions: the Alaskan coastal region, the East Siberian Sea near the Wrangel and New 
Siberian Islands and the region around the Franz Josef Land, which are known as choke-point of the Arctic Sea Route. With 
decreasing in advections of multi-year ice that traveled from the northern Canada Basin to the Atlantic sector along the sea ice 
Beaufort Gyre and the Transpolar drift stream, the amount of rafted sea ice in spring decreased around the Franz Josef Land. 
On the other hand, in the Pacific sector, spring sea ice thickness with large sea ice rafting during the preceding winter  
distributed in the Alaskan coastal region near Pt. Barrow and the East Siberian Sea even in the AMSR2 period during 2013 to 
2015. These results suggest that spring sea ice conditions in these coastal regions was preconditioned by both sea ice rafting 
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A wind-driven, hybrid latent and sensible heat coastal polynya off Barrow, Alaska 
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The nature of the Barrow Coastal Polynya (BCP), which forms episodically off the Alaska coast in winter, is examined using 
mooring data, atmospheric re-analysis data, satellite-derived sea-ice concentration and production data, and results from tracer 
experiments by pan-Arctic ice-ocean model. We focus on oceanographic conditions such as water mass distribution and ocean 
current structure beneath the BCP. Two moorings were deployed off Barrow, Alaska in the northeastern Chukchi Sea from 
August 2009 to July 2010. For sea-ice season from December to May, a characteristic sequence of five events associated with 
the BCP has been identified (Figure 1); (1) dominant northeasterly wind parallel to the Barrow Canyon, with an offshore 
component off Barrow, (2) high sea-ice production, (3) upwelling of warm and saline Atlantic Water beneath the BCP, (4) 
strong up-canyon shear flow associated with displaced density surfaces due to the upwelling, and (5) sudden suppression of ice 
growth. A baroclinic current structure, established after the upwelling, caused enhanced vertical shear and corresponding 
vertical mixing. The mixing event and open water formation occurred simultaneously, once sea-ice production had stopped. 
Thus, mixing events accompanied by ocean heat flux from the upwelled warm water into the surface layer played an important 
role in formation/maintenance of the open water area (i.e., sensible heat polynya). The transition from a latent to a sensible 
heat polynya is well reproduced by a high-resolution pan-Arctic ice-ocean model. We propose that the BCP, previously 
considered to be a latent heat polynya, is a wind-driven hybrid latent and sensible heat polynya, with both features caused by 
the same northeasterly wind. 
 
 
Figure 1  
Schematics of ”wind-driven hybrid latent and sensible heat polynya system“ off Barrow. (a) Broad and (b) detailed views for the BCP 
system (Hirano et al., 2016, in press). 
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Development of monitoring technique for sea ice thickness along the Arctic sea route 
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Algorithms which estimate sea ice thickness and melt pond fraction from the satellite passive microwave radiometers such as 
AMSR-E and AMSR2 had been developed based on the in-situ ice thickness derived from ice profiling sonars moored in the 
Canada basin during 2002-2015. This study validated these algorithms by comparing with another in-situ ice thickness data 
which derived from ice mass balance buoys and other satellite sensor.  
 
１．研究背景と目的 
人工衛星による広域観測が開始された 1979 年以降，30 年以上にわたって北極海の海氷面積の情報が蓄積されて
きた．海氷厚については潜水艦や係留ブイのソナー（例えば Rothrock et al., 2008; Melling et al., 2005），海氷質量




（Drucker et al., 2003; Tamura et al., 2008）や、レーダー高度計などを用いて海氷のフリーボード高さを測定し全氷





筆者らは，衛星搭載マイクロ波放射計 AMSR-E および AMSR2 の輝度温度データ（TB: Brightness Temperature）
と海氷密接度プロダクト（ICO: Ice COncentration）を用い，北極海に設置された係留系の氷厚データとの比較から
海氷厚推定手法（Krishfield et al., 2014）を実験的に開発した．融解期の海氷は表面に水溜り（Melt Pond）が生じて
おり，マイクロ波では Melt Pond を透過して下の海氷情報を得ることはできない．すなわち，融解期に Melt Pond
が多く分布する海氷域では正しい厚さを推定することができない．従って，この海氷厚推定手法では，第一段階
として海氷上の Melt Pond の割合（MPF: Melt Pond Fraction）を推定し，ICO が 80%以上かつ MPF が 20%以下の海
氷域を抽出した（Fig.1）．第二段階として，改良を加えた NASA Team アルゴリズム（Cavarieli et al, ）を使用し
て一年氷と多年氷に分類した．最終段階は，係留ブイの実測氷厚データと TB を比較して，一年氷は偏波比（PR: 
Polarization Ratio），多年氷は周波数比（GR: Radiation Ratio）を用いた氷厚換算式をそれぞれ開発した．2002 年か
ら 2014 年にかけて毎年 9 月 10 日の北極海全体の海氷厚および MPF の分布図を Fig.2 に示す． 
 
２．アルゴリズム推定精度の検証と改良 
本研究は海氷厚の推定精度を検証するため，MPF の精度を可視近赤外放射計 MODIS から求めた値や漂流ブイ
（IMB: Ice Mass Balance buoy）による実測値，海氷厚の推定精度は同じく IMB による実測値と CryoSat-2 のレーダ
ー高度計から得られた氷厚値と比較した．図 3 は IMB の表面温度と AMSR-E で求めた MPF との比較，図 4 は
IMB の積雪深と氷厚の実測値と AMSR-E による推定氷厚との比較をそれぞれ表している．MPF が 21%以上のとき
が最も IMB の表面温度が 0℃以上を示すときと良い一致を示した．海氷厚については AMSR-E の推定値は IMB の




















Figure 2. Distributions of ice thickness using AMSR-E/AMSR2 for every 
        10th of September during 2002 - 2014. 
 
Figure 1. Distribution of MPF during 2002-2014 calculated     













Figure 3. IMB surface temperature (red line) and AMSR-E MPF      Figure 4. IMB snow (light orange area) and ice thickness (light blue  
(blue bar) in 2008 summer.                                  area), melting (green bar) and AMSR-E thickness (red line)   
in 2008 summer. 
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では、チャクチ海の底層における酸性化の実態を明らかにするため、2012 年秋のみらいおよび 2013 年初夏のおし
ょろ丸による航海観測を行い、底層水の炭酸カルシウム飽和度を調べた。その結果、2012 年秋にはチャクチ海底






































組成や分布変化の要因解明への貢献が期待される (Fujiwara et al., in-press)。 
 	 一方、チャクチ海の北部海盆域においても、海氷減少に対する植物プランクトンの群集構造の応答を、2008−
2010 年の観測で得られた植物プランクトン色素のクラスター解析により評価した。2008 年は 2009 年および 2010


















Figure 2. チャクチ海北部海盆域における、8–9 月の優占植物プランクトン分類群と、海氷融解タイミング（カラーバー）分布
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 Zooplankton has an important role in energy transport from primary production to higher trophic organisms in marine 
ecosystem.  Within the zooplankton community of the Arctic Ocean, copepods are the most dominant taxa.  Copepod fauna 
is varied with the three oceans around Arctic Ocean (Atlantic, Arctic and Pacific Oceans).  In the Arctic Ocean, Calanus 
glacialis (4 mm in total length) is dominated, while larger copepods (Neocalanus cristatus, N. flemingeri, N. plumchrus and 
Eucalanus bungii, all species are 5-9 mm in total length) are dominated in the Pacific Ocean.  In the Chukchi Sea, Pacific 
sector of the Arctic Ocean, transported Pacific copepods have increased with the recent drastic sea-ice reduction (Matsuno et al. 
2011).  If this expatriated species can maintain their population in the Arctic Ocean, it induces greater changes in lower 
trophic levels of marine ecosystem.  However, little information is available for probability of this change.  In this study, we 
made ship-board incubation of Pacific copepods, which collected in the Chukchi Sea, revealed their reproduction, and discuss 
the probability of their immigration in the Arctic Ocean. 
 During September 2013, fresh zooplankton samples were collected by vertical hauls with ring net (mesh size: 0.33 
mm) in the Chukchi Sea.  From the fresh samples, live adult females of Pacific copepod N. flemingeri were sorted, and 
incubated at ambient temperature (0ºC) in the dark.  The presence of eggs was checked every day, and egg numbers were 
counted.  The eggs were also incubated separately and checked daily for hatching during maximum ten days. 
 The abundance of adult females of N. flemingeri in the different samples ranged from 0 to 1.40 ind. m−3 (mean: 0.16 
ind. m−3).  It is notable that no adult males were detected throughout the study period.  Through 100-day incubation, 
spawning was observed for all of the specimens (19 individuals) (Figure 1a-c), and nearly half (10/19) produced four or more 
clutches during the experiments.  Spawning intervals were 11.5±5.6 days, which were longer than reported interval in Pacific 
Ocean because of low incubation temperature.  The maximum clutch size was 1,005 eggs clutch−1 (mean±SD: 377±79 eggs 
clutch−1), and the clutch size decreased after 20 days of incubation (Figure 1d).  The maximum number of clutches for a 
single specimen was ten.  The total fecundity was 960±316 eggs female−1 (mean±SD), and this range was similar with 
reported value in the Pacific Ocean.  However, hatching success was 7.5±8.7%, which is extremely low compared with 93% 
in the Pacific Ocean.  Low hatching success is considered to be caused by failures of fertilization.  In the typical life cycle of 
N. flemingeri in the North Pacific and Bering Sea, mating and spawning both occur below a 250 m depth.  Because the 
spawning adult females in the Chukchi Sea were collected at 0−49 m, they presumably had either matured prior to being 
transported by Paciﬁc waters into the Chukchi Sea or they could not descend to a deeper layer because of the shallowness (ca. 
50 m) of the Chukchi Sea in comparison to the Paciﬁc Ocean.  These abnormal conditions may affect the mating and 
reproduction of N. ﬂemingeri, resulting in low hatching success.  Concerning to the potential recruitment numbers (=female 
abundance [females m−2] × fecundity [eggs female−1] × hatching success [nauplii eggs−1]), 1,591,841 nauplii m−2 for the Pacific 
Ocean, while 1,852 nauplii m−2 of the Arctic Ocean in this study, which is about 1/800 of the Pacific Ocean.  The potential 
recruitment number for N. flemingeri suggests that it is unlikely to establish expatriate Arctic population in the near future 




類相は北極海をめぐる 3 大洋 (太平洋、北極海および大西洋) 毎に異なっている。北極海には全長で 4 mm と比較
的小型な Calanus glacialis が優占するが、北太平洋やベーリング海では全長 5−9 mm と大型な Neocalanus cristatus、
N. flemingeri、N. plumchrus および Eucalanus bungii が優占する。太平洋側北極海に位置するチャクチ海では、近年





 2013 年 9月に、チャクチ海において、リングネット (目合い 0.33 mm) による生鮮試料採集を行った。試料中か
ら生きた太平洋産カイアシ類 N. flemingeri の雌成体をソートし、現場水温の 0ºCで飼育した。毎日産卵の有無を観
察し、産卵が見られた際には卵数を計測した。卵は別途飼育し、孵化の有無について毎日、最長 10 日間の観察を
行った。 
 調査期間中に出現した N. flemingeri の雌成体は、0−1.40 ind. m−3 (平均で 0.16 ind. m−3) であったが、雄成体は全
く出現しなかった。チャクチ海で採集された全ての雌成体 (19 個体) において、産卵が確認された (Figure 1a-c)。
およそ半分の個体 (10 個体/19 個体) は、実験中に 4 回以上の産卵を行った。産卵間隔は 11.5±5.6 days であり、
これは低水温のために北太平洋での結果と比べて長かった。最大産卵数は 1,005 eggs clutch−1 (平均±標準偏差：
377±79 eggs clutch−1) であり、飼育開始から 20日後に減少が見られた (Figure 1d)。一個体あたりの最大産卵回数
は 10 回であった。生涯産卵数は、960±316 eggs female−1 (平均±標準偏差) で、これは北太平洋の既報の値と同程
度であった。しかし、孵化率は 7.5±8.7%と北太平洋の 93%に比べて非常に低かった。この非常に低い孵化率は、
卵が未授精のまま産卵されているためと考えられる。北太平洋やベーリング海における N. flemingeri の通常の生活
史では、交尾や産卵は水深 250 m以深で見られる。本研究で産卵を行った雌成体は 0−49 mと浅いチャクチ海で採
集されていたため、彼らは恐らく成熟したのちに太平洋水によってチャクチ海に輸送されてきた、あるいはチャ
クチ海が北太平洋と比べて 50 m と浅かったために深海に潜れなかった個体であると考えられる。このような通常
の生息環境とは大きく異なる状況が、N. flemingeri の交尾と再生産に影響を与え、その結果として孵化率が低かっ
たと考えられる。単位面積あたりの次世代回帰個体数 (=雌成体出現個体数 [females m−2] ×生涯産卵数 [eggs 
female−1] ×孵化率 [nauplii eggs−1]) を計算したところ、北太平洋では 1,591,841 nauplii m−2であったのに対し、本研
究では 1,852 nauplii m−2と北太平洋の 800 分の 1 であったことから、現時点では、北極海内で太平洋産種は次世代
を残せず、死滅していると考えられる (Matsuno et al. 2015)。 
 
 
Figure 1. Adult female (a), reproduced egg (b) and nauplius (c) of Neocalanus ﬂemingeri in the Chukchi Sea.  Temporal changes in the 
clutch size of N. ﬂemingeri during the incubation period (d).  Solid lines indicate eye-ﬁtted line. 
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ている．最新の観測事実によれば，北半球夏季における北極海氷面積は急速に減少しており，2012 年 9 月には観











このような観点から，GRENE 戦略研究目標 1 においては，数値モデリングだけでなく陸域や大気，雪氷，炭素
循環に関する研究課題が協力して，北極域における温暖化増幅メカニズムの解明に関する研究を推進してきた．
本講演では，これらの成果をまとめた結果について報告する． 



















































タイガ林 2 サイト、東シベリアタイガ−ツンドラ境界、カナダ森林帯と森林ツンドラの 6 サイトの樹木の年輪幅指
数の過去 50 年の変化傾向は、ヨーロッパ（エストニア）とカナダ森林ツンドラでは上昇、東シベリアでは低下を
示した。年輪幅が低下を示した東シベリアの森林帯の 2 地点では、気温が高いと樹木の生長が悪くなる傾向を示
し、近年の温暖化により樹木の生長が低下していることを示している（Tei et al., 2013）。一方、これら 6 サイト
の植生動態モデル（SEIB-DGVM）による過去 50 年間の計算結果は、エストニアとカナダ森林ツンドラでは樹木
年輪幅の傾向と同様、樹木の純一次生産量は上昇傾向を再現したが、東シベリアの各サイトに対しては、樹木年
輪幅と気温に見られた負の相関を再現できなかった。ITRDB (The International Tree-Ring Data Bank)の年輪幅データ
を用いて環北極全体を見ても、地域毎に特徴が見られ、東シベリア、アラスカ、カナダの内陸部で生長量の低下
が見られた。 




現時点のモデルで気温上昇による NPP の低下が再現できていない地域である。現時点では北極域森林帯は CO2の
吸収源として機能しているが、この機能が将来低下し、吸収源としての機能が弱まる可能性がある。東シベリア
では気温上昇に伴い、すでに NPP の低下が始まっている。 
炭素収支の見積もりを精緻化していためにはモデルの改良が不可欠である。陸課題を中心に推進した GTMIP 











南北半球間でほぼ同じであるという結果が得られた（Patra et al., 2014）。この結果は、メタン放出源の大きさを再
考する必要があることを示している。 
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の海氷減少と中緯度の気象・気候の間に統計的有意性以上の物理的関係がある事をさす（Honda et al., 2009, Jaiser 
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Ecosystem Studies of the Arctic Ocean with declining Sea ice (ECOARCS) 
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   The recent drastic decrease in Arctic sea ice causes various changes in the Arctic climate and ecosystems.  For instance, 
melting of sea ice improves light environment for phytoplankton growth but at the same time it increases surface stratification 
to suppress nutrient supply from lower layer. The benthic organisms are also threatened by changes in Arctic environments. 
Currently, they feed on the ice-edge bloom of phytoplankton that sinks to the seafloor (Pelagic-Benthic type). However, 
warming of the Arctic Ocean may increase the population of zooplanktons and fishes, which will feed on phytoplankton at the 
ice-edge (Pelagic-Pelagic type). Furthermore, reduction of sea ice also changes habitat distributions for species in the Arctic 
and sub-Arctic seas. For better understanding changes in Arctic marine ecosystems, we conduct multi-disciplinary studies 
examining not only biological but also physical and chemical aspects of the drastically changing Arctic environments.   
   The research project No. 6, “Ecosystem studies on the Arctic Ocean with declining sea ice (ECOARCS)”, was initiated in 
2011 under the GRENE Arctic Climate Change Research Project in Japan as well as other GRENE/Arctic research projects.  
In the ECOARCS project, we mainly focus on the Pacific sector of the Arctic and sub-Arctic seas (Pacific Arctic region: PAR), 
where various environmental changes have already accompanied the sea ice reduction. Hydrographic surveys by R/V Mirai 
(JAMSTEC), TS Oshoro Maru (Hokkaido University), and various ice-breakers under international collaboration were carried 
out. We also conducted year-round mooring observations that are useful for obtaining hydrographic, chemical and biological 
data even in winter time. To clarify the feeding behavior of higher trophic levels, we use the techniques of bio-logging and 
monitor large areas of the Arctic Ocean via satellite throughout the year. Furthermore, we are developing sea ice and marine 
ecosystem models for the Arctic Ocean that can diagnose in detail the ongoing changes in the Arctic marine ecosystem and 
may predict its future.   
   Under the project, many scientific results have already published and more will be published soon.  Nishino et al. (2011; 
2013) shows responses of sea ice reduction to distribution of nutrients, biological pump and primary production in the PAR.  
Whereas enhanced Beaufort Gyre due to sea ice reduction and accumulated freshwater prevent biological production in the 
Canada Basin, nutrient supply from shelves and greater light penetration enhanced biological pump outside the Beaufort Gyre, 
i.e., western Canada Basin and Makarov Basin.  First observational evidence of ocean acidification, which is described as 
aragonite under-saturation, was found in the surface layer in the Canada Basin of the Arctic Ocean due to melting of sea ice 
[Yamamoto-Kawai et al., 2009], and such aragonite under-saturation has continued with changes in ocean conditions.  
Mooring observation data in the southern Chukchi Sea suggests that bottom water was also under-saturated with respect to 
aragonite over half a year [Yamamoto-Kawai et al., 2015].   
 
Figure 1.  Schematics of marine ecosystem in the Pacific sector of the Arctic Ocean in summer (left) and winter (right). 
  
   There are clear evidences of linkage between recent sea ice reduction and increase in primary production in the PAR (e.g., 
Arctic Report Card 2014).  Timing of sea ice retreat (TSR) is also one of the key factors to determine distribution, size, and 
community structure of phytoplankton.  Fujiwara et al. (2015) examined influence of TSR on phytoplankton size during the 
period of marginal ice zone bloom.   For example, earlier sea-ice retreat was associated with a dominance of larger 
phytoplankton in the period.  Sea ice ecosystem model with ice algae was newly incorporated into the lower-trophic marine 
ecosystem model, which was previously coupled with a high-resolution general ocean circulation model.  Using this model, 
Watanabe et al. (2015) examined seasonal and interannual variability of ice algal production and biomass in the PAR.   
   Regarding a change of dominant spices in the PAR, some of observational evidences were reported.  Fujiwara et al. 
(2014) showed a statistically significant difference in temperature between the haptophyte-dominated cluster and the other 
clusters, suggested that the change in the phytoplankton communities was related to TSR and the corollary increase in sea 
surface temperature.  Northward shifts of distributions on the zooplankton community in the PAR were shown from results of 
TS Oshoro-maru 2008 cruises, which suggested that sea ice reduction would have a negative (positive) influence to Arctic 
(Pacific) species (e.g., Matsuno et al., 2011; Sasaki et al., 2015).  Polar cod, Boreogadus saida, is a key species in the Arctic 
Ocean food web.  Kono et al. (2015) examined the distribution pattern of B. saida and other fish larvae in relation to 
environmental conditions in the northern Bering and Chukchi seas.  The result assumed that the spatial differences of B. saida 
observed across the study region reflect the temporal changes in abundance and size of them at a given location following ice 
retreat.  Nakano et al. (2015) investigated trophic responses of Polar cod, B. saida, to changes in zooplankton and benthic 
invertebrate communities (prey) in the PAR.  Yoon et al. (2015) suggested from results of bioenergetic model for chum 
salmon with 3-D marine ecosystem model that potential habitat which is an area where chum salmon could grow will expand 
northward into the PAR and may shrink regionally south of 71 N because the water temperature exceeded the optimal 
condition.   
   Under ECOARCS project, public symposium was held in Tokyo on November 9, 2015.  In this presentation, we would 
like to introduce the outcome of the symposium as well as some highlights of our scientific results.   
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抽出され、精度評価を含めた海氷分布予測を具体化する準備が整った GRENE 研究の 5 年間であったと結論できる。 
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互比較(GTMIP)(Miyazaki et al., 2015) を進めている。一方、温室効果気体の研究課題では航空機や地上ステーショ
ンでのCO2濃度の高精度観測を実施するとともに、逆解析モデルによる地域スケールでのCO2地上フラックスの推













Carbon balance of the forested ecosystem is widely recognized as an important component in climate change research, and is 
also as uncertain at the same time. Some attempts have been made, recently, to understand the origin of the uncertainty by 
comparing estimates of carbon budget with bottom-up and top-down methods. In the Arctic Climate Change Research Project 
in the GRENE Program (hereafter as, GRENE Arctic project), the terrestrial and atmospheric observations are conducted in the 
Arctic regions, where observational data were not available, e.g., Siberia. At the same time, numerical studies are carried out to 
estimate CO2 fluxes with process-based models and inversion models as a part of the GRENE Arctic project. 
In the terrestrial sub-program of the GRENE Arctic project, observation on energy-water-carbon balances are conducted in the 
Circum-Arctic, and the fluxes are estimated by a suite of terrestrial ecosystem models at the four super-sites (GTMIP) 
(Miyazaki et al., 2015). In the greenhouse gas sub-program, atmospheric CO2 concentration is measured at high accuracy using 
aircrafts and at surface stations and top-down/inverse modeling is performed for estimating regional CO2 fluxes. We have 
  
compared the CO2 fluxes estimated from tower observation at Yakutsk, Siberia with the CO2 flux estimates by the land-surface 
models for Yakutsk and CO2 surface fluxes estimated by inverse models around the Yakutsk region (area ~500 x 500 km2).	
The Net Ecosystem Production (NEP) or Net Biome Production (NBP) are considered for this analysis at monthly time 
intervals over the period of 1980 - 2012 (from 2004 - 2011 for flux observation).  
We find that the seasonal cycle of CO2 flux consists of a large drawdown in June-August from the atmosphere, and weaker 
emissions or absorptions in other months. This result agrees well among the models and observation. As for the long-term 
changes, the model variation is smaller in summer (June-August) than for the annual values. That is because respiration takes a 
dominant part of CO2 flux in winter, that would have large uncertainty both for the observation and the model estimation. Thus 
the large uncertainty in CO2-flux estimates in winter would affect the large fluctuation for the annual values. The year-to-year 
variations in summer by some models agree, at least in part, with the observation, but the reasons for the 
agreement/disagreement should carefully be investigated. At first, the difference in the horizontal scale assumed in each 
method should be considered. Besides, the treatment of forest fire in the models is identified as one of the possible causes for 
model-to-model differences. Making thorough examination of the relation between the NEP/NBP variations and the extreme 
climate, such as very humid or hot-and-dry summer, is required to identify the causal process of the disagreements and to 
reduce the uncertainty in CO2 balance.  
	
References 
Miyazaki, S., K. Saito et al., GRENE-TEA model intercomparison project (GTMIP): overview and experimental protocol for 









Dominant factors that determine seasonality and magnitude of Arctic warming amplification in the 
future projections 
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Response of the climate system to imposed perturbations is often formulated in terms of forcing and feedbacks. As the 
feedback processes interact each other, it is necessary to evaluate their individual contributions by either energy flux 
diagnostics or process-on/off experiments. During the GRENE project, we primarily have taken the former approach although 
the hybrid use of the two was also accomplished. The feedback analysis based on the energy flux quantifies the contribution of 
individual processes to climate change so that the sum of every contributions approximately recovers the actual change. The 
approach has a benefit of identifying the important processes and the comparison between simulations and observations is in 
principle possible. 
  The surface energy flux analysis was applied to the CMIP5 multi-model RCP4.5 simulations, and the energy flux analysis at 
the surface and individual atmospheric levels (CFRAM-Climate Feedback-Response Analysis Method) was applied to the 
MIROC5 model RCP4.5 simulation. In both methods, the mechanism of warming (or warming amplification) is distinct 
between Arctic Ocean, Greenland-Norwegian-Iceland Seas, Greenland, and ice-free Arctic land. 
  Although the albedo feedback on the ocean due to sea ice melting has the most significant influence in July, when the solar 
radiation is strong, the actual increase in temperature is considerably suppressed, because most of its energy is absorbed by the 
ocean or expended on melting snow and ice. However, the energy absorbed by the ocean is released in the period from autumn 
to winter (with the reduced sea ice cover and exposure of sea surface), and the increase in temperature is confined near the 
surface because of the strong influence of atmospheric stratification. In addition, the greenhouse effects due to cloud cover 
causes an increase in temperature in the period from October to January. These factors contribute to the significant increase in 
temperature. 
 On the land, the effect of melting (albedo feedback) appears with the highest strength in spring, and becomes small in 
summer. The amplitude of the temperature increase remains relatively flat throughout the year because, unlike the ocean, there 
is almost no delay effect in the heat absorption and release on the land. Just like the case of the ocean, however, the 
temperature increase is affected by the influence of atmospheric stratification and the greenhouse effect of clouds to a large 
extent in autumn, after October, to winter. 
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東シベリアインディギルカ川低地における積雪空間分布 
 







Spatial variation of snow cover in Indigirka lowland observed in spring 2014/2015 
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のトランセクトを設定し、2014年はそれぞれ 7か所と 4か所、2015年は前者でのみ 12か所でサンプリングを行っ
た。集中観測サイトである K サイトでは、東西に約 1.2kmの範囲内で異なる植生を含む計 25か所(2014年)及び 24
か所(2015年)でサンプリングを行った。観測した積雪深、積雪密度、SWE、δ18Oは、2014年がそれぞれ 30～90cm、




それぞれ相関が見られなかった。植生タイプごとの SWE 平均値から、衛星画像の植生図(Morozumi et al., in 
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Inter-annual variation in CH4 efflux and its underlying processes  
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北極圏に分布する湿地からの CH4 放出は、気候への重要なフィードバックの 1 つであり、このような CH4 放出量
の気候に対する応答を理解し予測する必要がある。湿地からの CH4 放出フラックスは、水位（土壌水分）・地
温・植生等の環境因子によって支配されるが（Olefeldt et al., 2013）、フラックスと環境因子の定量的な関係は地域
や時間スケールに依存し（Turetsky et al., 2014; Treat et al., 2007）、不明瞭である。その原因の 1 つは、CH4の放出
が CH4 生成・酸化・輸送の 3 つのプロセスで構成され、各プロセスが環境因子に対して固有の応答をすることに
よる。CH4の安定同位体比（δ
13C-CH4, δD-CH4）はこの 3 つのプロセスを反映し（Chanton, 2005 等）、自然条件
で観測することができる。 
 東シベリアインディギルカ川低地は、永久凍土上にタイガ‐ツンドラ境界域が成立し、生態系が気候変動に対
し敏感に応答する可能性がある。我々はこの地域のチョクルダ（70.62 N, 147.90 E）周辺において、チャンバー法
による夏季 CH4放出フラックスの年々変動（2009-2013 年）とδ
13C-, δD-CH4を観測し、CH4放出フラックスと環
境因子の関係を上記 3 つのプロセスに基づいて理解することを目的とした。 
 カラマツの生育する乾燥したマウンドでは CH4 フラックスが常に検出限界付近であったのに対し、ミズゴケや
スゲ・ワタスゲの湿地では大きな年々変動が観測された。観測期間のうち 2011 年に突出した降水量を伴った湿潤
化が起こり、同年に湿地の CH4フラックスが増大した。2011 年から 2013 年にかけて水位は低下したが、この間活
発な CH4 の放出が継続した。さらに土壌間隙水溶存 CH4 濃度（10-15 cm 深）が 2011 年から 2012 年に上昇し、
2013 年も高濃度が保たれた。一方 CH4の同位体比から、湿潤化した 2011 年よりも 2012 年に CH4の酸化が抑制さ
れたことが示唆され、湿潤化後に起こる土壌の還元が年を跨いで進行し、溶存 CH4 濃度や CH4 フラックスに影響
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Rapid and strong increases in temperature have been observed in Arctic region (Serreze and Barry, 2011) and further warming 
is expected to occur in next 50-100 years (ACIA, 2004; IPCC, 2013). It has been pointed out that boreal forest may expand 
northward (A J Hansen, et al, 2001). Taiga-tundra boundary ecosystem may potentially develop into either forest or tundra, and 
two ecosystems play important roles in cycling of materials and the global climate system. In Arctic region of northeastern 
Siberia, there is a large area of Yana-Indigirka-Kolyma lowland. River clearly links to reginal climate and shapes surrounding 
ecosystem through a change in river water level. And these changes definitely control plant community composition, carbon 
allocation, nutrient cycles and then material cycling. 
From vegetation map around Indigirka river (Morozumi, 2015), one sixth of area covered by willow, and unlike larch trees, 
willow as a kind of shrub can stand disturbance and high soil moisture, therefore fields of willow cover large area along Indigirka 
mainstream and its tributaries. For this particular character, willow growing along the rivers can be good records of river 
condition. 
Carbon and Nitrogen stable isotope ratios of plants are known as integrated indicators of environment: plant δ13C is controlled 
by environmental factors like aridity and solar radiation, while δ15N is depending on N sources. Plant δ18O is expected to record 
source water isotope ratio. River water δ18O values of Indigirka and its tributaries show seasonal variation, and usually 
mainstream had lower δ18O than tributaries. However, in 2011, tributary river water had the same δ18O value as mainstream 
(Takano, personal communication). This condition was caused by flowing of main stream water into the tributary because of a 
high water level of mainstream. Therefore, in this study, it is hypothesized that the difference in δ18O of river water between 
mainstream and tributary indicates the relative water level between mainstream and tributaries. If the difference in d18O between 
mainstream and tributary can be estimated from that of willow tree ring, it can be used to know Indigirka river water level. 
Therefore using stable isotope ratios of willow, reconstruction of river water level will be challenged. Investigation of river 
condition will be also conducted in this study. Better understanding of characteristics of willow contribute to know the lowland 
ecosystem in this region. 
Purposes of this study is to know: 
1) current environment of river for willow (controlling factor of willow distribution and production) using willow δ13C and 
δ15N and other parameters. 
2) relationship between river water and willow δ18O, and confirm that it can be used to reconstruct water level differences 
between mainstream and tributaries. 
3) water level reconstruction of the past by tree ring analysis. 
The research site is near Chokurdakh (70.63°N, 147.91°E), Yakutia, Russian Federation, located in taiga-tundra ecosystem 
along Indigirka river. In this work, there are two steps. The first step is to use current year shoot to figure out the relationship 
between plant stable isotope and distance to river and to confirm spatial distribution. The second step is tree ring analysis. At the 
first step, three sites in total were set up, one of them is along Indigirka mainstream and two other sites are along tributary. At 
each site, three points along a transection from river to land. Samples were collected every 4 days totally 5 times from July 11th 
to August 1st, 2015. The samples including river water, soil water, willow stem, willow current year shoot. MAT253 was used 
for δ18O analysis and Delta V was used for δ13C and δ15N analysis. 
Observed willow foliar δ13C and δ15N apparently showed differences between water logging and no water logging points. This 
means these parameters may be useful to know the environment of growing sites of willow. From δ13C and δ15N of willows along 
the transection from river to land, sites of water logging range (water level) will be estimated. In summer of 2015, the δ18O value 
of mainstream was also different from tributaries, which indicates the tributary had different water supplies from mainstream 
(mainstream water level lower than tributaries). In addition, soil water δ18O at the nearest location of river was affected by river 
water. Stem water of willow was confirmed to reflect soil water δ18O. 
The δ13C and δ15N of willow leaves at various site with different distance from the river will be analyzed to know the 
environment of each site. After deciding pretreatment method of samples and checking seasonal variability in growing season, 
δ18O of willow will be analyzed to confirm that it reflects river water δ18O. This research will turn to tree-ring studies to 
reconstruct water level and the water level differences between mainstream and its tributaries. 
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Taiga-Tundra boundary ecosystem covers large area in Arctic region in eastern Siberia, and it is not easy to know its’ 
complex structure due to heterogeneous surface conditions. Although it is believed that the tree line may shift northward in 
Taiga-Tundra boundary, there are still uncertainties about changes in vegetation and biogeochemical cycle. Wetland in the 
arctic lowland is one of the main sources of methane (CH4) which is an efficient greenhouse gas. The CH4 is produced in 
anoxic soil in wetlands, while CH4 is oxidized by microbes in forest soil. Therefore, spatial variability of emission and 
absorption of CH4 depend on the difference in vegetation types. Intensive field observations have been conducted at several 
sites in GRENE-TEA project in Taiga-Tundra boundary in Eastern Siberian arctic (e.g. Liang et al., 2014). However, no 
coincident vegetation map is available. Vegetation map is essential to know the roles of terrestrial ecosystem by scaling the 
observation results, therefore, we conducted vegetation mapping by high resolution satellite image and estimated local scale 
CH4 emission in the Taiga-Tundra boundary ecosystem. 
Field observation of vegetation and CH4 flux were mainly conducted in summer from 2013 to 2015. To produce a vegetation 
map (10 x 10km), we conducted an in-situ visual and spectral observation, and then conducted up-scaling by remote sensing 
approach with satellite images. High resolution multispectral satellite image (WorldView-2, July 9, 2013, DigitalGlobe) were 
classified. Using the field data on vegetation compositions, aerial photographs and spectral reflectance for supervising, 
vegetation was classified into 8 classes taking various aspects into consideration such as dominant species, soil moisture and 
reflectance feature. Methane flux was observed by chamber method in growing season, July 2009-2015 (Shingubara et al., in 
preparation). River water level, soil moisture, oxidation-reduction potential and CH4 flux in riverside vegetation were also 
observed in July 2015. Using coverage ratio of vegetation classes, local CH4 emission was calculated on the basis of the 
observed data. Our result shows that cotton sedge (Eriophorum spp.) dominated wetland vegetation contributes to 3/4 of total 













フィールド調査から植生クラスを定義し、衛星画像(WorldView-2, July 9, 2013, DigitalGlobe)を用いて北東シベリ




位低下に伴って CH4 放出速度が短期間のうちに低下する可能性が示唆された。最終的に、過去 6 年間の CH4 フラ
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Arctic wetlands are significant sources of atmospheric methane and the observed accelerated warming of the arctic causes 
increased methane formation in water-saturated tundra soil with deepened permafrost thawing. Methane oxidation is the key 
process to regulate methane emission from wetlands. In this study we determined the potential methane oxidation rate of the 
wetland soils of a Taiga-Tundra transition zone in Northeastern Siberia. Peat soil samples were collected in the summer from 
depressions that were covered with tussocks of sedges and Sphagnum spp. and from mounds vegetated with moss and larch 
trees. The potential methane oxidation rate was estimated by a bottle incubation experiment in which homogenized soil 
samples were incubated with methane at the initial concentration of 0.5-0.8 %v/v. Soil samples collected from depressions in 
the moss- and sedge-dominated zones exhibited active methane oxidation with no lag. The potential methane oxidation rates at 
15 ºC ranged from 270 to 190 nmol h-1 g-1 dw. Methane oxidation was active over the depths including the water-saturated 
anoxic layers. The maximum methane oxidation rate was recorded in the layer above the water-saturated layer: the surface (0-
2cm) layer in the sedge-dominated zone and in the middle (4-6 cm) layer in the moss-dominated zone. The methane oxidation 
rate was temperature-dependent and the threshold temperature of methane oxidation was estimated to be -4 to -11 ºC, which 
suggested methane oxidation at subzero temperatures. Soil samples collected from the frozen layer of Sphagnum peat also 
showed immediate methane consumption when incubated at 15 ºC. The present results suggest that methane oxidizing bacteria 
keep their activity in the wetland soils even under anoxic and frozen conditions and immediately utilize methane when the 
conditions become favorable. Treatment with inorganic nutrients and black carbon did not affect the potential methane 
oxidation rate. In contrast with the results of the bottle incubation experiment, the inhibitor of methane oxidation did not affect 
the methane flux from the sedge and moss zones, which indicated the undetectable levels of methane oxidation associated with 













て気象フラックス観測を実施している．ヤクーツク近郊の観測サイト（Spasskaya Pad）の 1998 年以降から継続さ





するコンダクタンスの値が 2006 年以前よりも小さくなる傾向がみられ，総一次生産量についても 2008 年から以
前の関係から外れるようになった（Ohta et al., 2014）．2005年以降の林内でのフラックス観測によると下層植生の
総一次生産量は観測期間を通して増加しており植物量の増加が裏付けられる．それと同時にタワー観測値と林内
観測値との差は湿潤化イベント後に減少しており，この値をカラマツ層に由来するフラックスと考えると，上層
のカラマツの水・CO2 循環への寄与が小さくなっているといえる．一方で，ヤクーツクの約 300km 南東に位置し，
降水量が 20－30％多く，森林が発達している地域の観測サイト（Elgeeii）では，カラマツの枯死現象はみられて
いない．Spasskaya Padの湿潤イベント後のタワーフラックスを比較すると，2サイトでは気象状態には大きな違い
が見られないが，CO2の正味生態系交換量は Elgeeii で Spasskaya Pad の 1.6 倍と大きいが，蒸発散量の違いは小さ
かった（Kotani et al., 2014）．2サイトの植物量の違いが群落生産量の違いに現れているが，Spasskaya Padでは下
層植生の寄与により蒸発散が補われている．Elgeeii では降水量が Spasskaya Pad よりも多く，保水性の高い土壌に
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    We estimated soil organic carbon (SOC) storage and analyzed the relationship between SOC and C/N ratio in circumpolar 
forest ecosystem soils (Fig.1). Broad patterns of SOC and C/N were regulated by past geological processes and the 
origin/nature of soil parent materials. The combinations of forest type and permafrost condition were i) larch (deciduous 
conifer) dominant forest on continuous permafrost, ii) black spruce dominant forests on continuous/discontinuous permafrost, 
iii) pine/spruce dominant forests on sporadic/non-permafrost regions. iv) pine/spruce forests on permafrost-free regions, 
including peatland forests. Estimated SOC and CN ratio were varied among regions. SOC storage regime in larch forests on 
continuous permafrost in eastern and central Siberia is larger than those of other regions. The lacking of glacier ice sheet in 
Pleistocene era and development of deep permafrost may be critical environmental condition to affect forest dominant type and 
SOC storage regime. Upland soils derived from weathered rock fragment have higher C/N than those of deposit origin soils in 
plain topography. 
 





















                                                              
                                                          
                                                                    Fig.1. SOC-CN ratio diagram among circumpolar  
                                                                         forest ecosystems.  
     60N-113W sporadic        69N-29E non-permafrost 
 Photos. Typical soil profiles among circumpolar forest ecosystems. 



































Distribution and growth rate of Hylocomium splendens on forest floor in circumpolar regions 
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（Hylocomium splendens）は、Pleurozium schreberi、Ptilium crista-castrensisと共に feather mossと呼ばれ、広く周極
域の林床の有機物層を構成するコケである。特に H. splendensは、枝が年に１段階ずつ階段状に成長する特徴を持
ち、年毎の成長量を把握することができる。また、H. splendens は広く周極域に見られる種であるが、全く見られ




林 4 地点（N65°W147°）、中央シベリアクラスノヤルスク州トゥラのカラマツ林 5 地点（N64°E100°）、カ
ナダ北西準州ウッドバッファロー国立公園内のジャックパイン 3 地点およびクロトウヒ林 3 地点（N60°
W112°）でおこなった。各調査地点において、5mのラインを 4本以上設置した後、ライン上に見られるコケおよ
び地衣類の種類を同定して、それぞれの分布割合を調査して、H. splendens の被覆率を算出した。また各調査地点








間成長速度は 0.3～221 g m-2 y-1と推定され、被覆率が高く、年間伸長量が大きい地点では、樹木による年間リター
フォール量に匹敵する量であることが明らかになった。 









Effects of cryoturbation and drainage on organic matter storage in Canadian permafrost soil 
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Introduction and objectives: Permafrost soils store the large amounts of organic matter. The soil organic C (SOC) storage 
can be enhanced by cold climate, flooding, and input of recalcitrant litters. In black spruce forests, cryoturbation of Mackenzie 
area can typically develop mounds and troughs called hummocky micro-topography. This process is hypothesized to play roles 
in enhancing SOC storage, however, history and functions of hummock soils in SOC accumulation are still unclear. 
Development of hummock soil structure could induce tree tilting, as black spruce trees typically grow on the shoulder of 
hummocky soil. Tree rings could record tilting and soil hummock dynamics (Fig. 1). Using tree ring analyses and litter 
decomposition experiments, we attempted to reconstruct hummocky soil dynamics and their effects on SOC storage. 
 
Materials and methods: To analyze environmental factors regulating SOC storage, we compared soil C stocks in BSF black 
spruce forest (BSF) with those in tundra (TND) on fluvial sediments and white spruce forest (WSF) on the upland soil derived 
from glaciofluvial sands in Northwest Territories, Canada. The following environmental parameters were also measured: soil 
temperature and moisture, aeration index [Eh, reducible iron (Fe) oxides] of soils, and the decomposition rates of litters (lichen, 
moss, and root litters) buried in the soils. To reconstruct the history of soil hummock formation, tree ring widths were 
measured year by year. The magnitude of tree tilting was calculated by the maximum tree ring width dividing by the minimum 
tree ring width. 
 
Results and Discussion: The BSF exhibited the larger SOC stocks than TND and WSF. The annual mass loss rates of lichen 
and moss litters were consistently small at all sites. The development of hummocky soil micro-topography resulted in 
accumulation of sparingly-decomposable lichen litters in mounds and accumulation of moss litters in troughs. Tree ring 
analyses suggested that hummock soils were formed through freeze-thaw cycles over 200 years. The thick layers of lichen and 
moss litters in BSF appeared to limit deep melting of permafrost soil during summer. Soil water dynamics indicated that 
seasonal flooding events caused by spring snowmelt and permafrost melting in summer. Rapid snowmelt and water percolation 
enhanced aeration in sandy WSF soil, while BSF soils were saturated by water flooding on impermeable permafrost table. The 
redox cycles of iron were recorded as accumulation of oxalate-extractable Fe oxides. The SOC stocks in BSF and TND soils 
were significantly (p < 0.05) greater than in WSF soil. There was a positive correlation between SOC stocks and free Fe oxides. 
Cold climate and poor drainage, which are imposed by hummock soil structure, contribute to the largest SOC stocks in black 
spruce forests. 
 
Conclusion: Tree ring analyses suggested that the hummocky 
soil micro-topography could be formed by freeze-thaw cycles 
over 200 years. Development of hummocky micro-topography 
accumulates lichen and moss litters. The oxalate-extractable Fe 
oxides in the soil can be a proxy of poor drainage on shallow 
permafrost table and high SOC storage in permafrost soils of 
black spruce forests. 
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Responses of both vegetation and soil to changing climate are key processes to estimate the future effect of warming climate 
on forest ecosystems in circumpolar region. In discontinuous permafrost region, distribution of different forest types and tree 
growth rate are affected by spatial variation in active layer depth. Meanwhile, soil biogeochemical process that controls 
greenhouse gas emission and removals may also be affected by the development of organic layer in forest floor. We focused 
on moss and lichen that form thick organic layer in subarctic forests and investigated spatial variation in thickness of organic 
layer and its controlling factor within a watershed. Study site is Caribou-Poker Creeks Research Watershed (CPCRW) in 
Interior Alaska, The Bonanza Creek Long Term Ecological Research sites. In CPCRW, black spruce (Picea mariana) is 
dominated especially in north-facing slope and lower slope position where active layer is shallow. We set a plot of 600 m × 
600 m and 49 grid points of 100m intervals in a northeast-facing slope with altitude of 250-350 m in July 2015 (Figure 1). In 
each grid point, we investigated coverage ratio of forest floor (leaf litter, moss, lichen and soil), thickness of organic layer, 
density of individuals of moss (5 cm × 5 cm), temperature (5 cm below from surface), tree density within 2 m of moss census 
point, diameter of breast height (DBH) of each tree. Moss species in study site were mainly Hylocomium splendens and 
Pleurozium schreberi. The thickness of organic layer ranged 6 to 41 cm. Thick organic layer (>20 cm) was obtained grid point 
where tree size was relatively small (DBH <11 cm, Figure 2). The grid point with thick organic layer was also characterized by 
the absence of coverage of leaf litter in forest flower (Figure 3). The relationship between temperature and thickness of organic 
layer was not clear, while organic layer was thick in north-facing slope and upper slope position. Accordingly, thick organic 
layer might be formed in the north-facing slope where tree and canopy size are small and there is no inhibition of moss growth 
by leaf litter. Additional advantage for moss growth by longer duration of daylight is offered in the upper slope position and it 







スカ内陸部に位置する Bonanza Creek 長期生態学研究サイトの一つである Caribou-Poker Creeks Research 
Watershed で行った。同流域では活動層厚の小さい北斜面および斜面下部にクロトウヒ（Picea mariana）が優占
する傾向がある。2015 年 7 月に標高 250-350 m の北東斜面に 600 m×600 m の調査区を設定し、49 の 100m 格子地
点について林床被覆度（樹木リター、蘚苔類、地衣類、土壌のパッチの面積割合）、有機物層厚、蘚類パッチの
個体密度（5 cm×5 cm）、地温（深さ 5 cm）、中心から半径 2m の樹木個体密度、樹木の胸高直径（DBH）を計測
した。蘚苔類は主に Hylocomium splendens と Pleurozium schreberi が観察された。有機物層の厚さは 6-41 cm
の範囲であった。有機物層の厚さが 20 cm を超える地点は、樹木の平均個体サイズが小さい傾向がみられた（DBH 
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Figure 1. Study site and topography 
Contour lines are at 10m intervals in elevation. The number is elevation (m). Closed points are grid point for tree and moss census. The 
figure is illustrated based on Digital Elevation Model (DEM) of CPCRW (Chapin and Hollingsworth, 2010). 
図 1. 調査地と地形 





Mean diameter of breast height 
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Figure 2. Relationship between diameter of 
breast height and thickness of organic layer 

















Coverage of leaf litter 
Figure 3. Relationship between coverage of leaf 
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Fine root biomass in two black spruce stands with different active layer depths in interior Alaska 
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Fine roots (roots < 2 mm in diameter) are a key component of carbon dynamics in forest ecosystems. To understand effects of 
different permafrost conditions on fine roots, we examined fine root biomass in two black spruce (Picea mariana) stands with 
different soil active layer depths (thawing mineral soil depth during growing season), which are located on a same north-facing 
slope in interior Alaska (Figure 1). Fine root biomass of black spruce trees in the plot with shallower active layer (ca. 70 cm; S 
plot) were smaller than in the plot with deeper active layer (ca. 110 cm; D plot) significantly (711 ± 68 vs. 1097 ± 91 g m-2). In 
contrast, fine-root/aboveground biomass ratio was greater in the S plot than in the D plot. On the other hand, fine root biomass 
of understory shrubs were significantly greater in the S plot than in the D plot (311 ± 24 vs. 164 ± 23 g m-2), whereas their 
aboveground biomass was similar in both the plot (122 vs. 113 g m-2). These results suggested that black spruce trees and 
understory shrubs could increase biomass allocation to fine roots in sites with shallower active layer to acquire limited below-










Figure 1.  Photographs of the study plots and fine roots of black spruce. Left, D plot; Center, S plot; Right, Fine roots of black spruce.  
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Relationship between tree growth and leaf δ15N values of black spruce in Interior Alaska 
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Nitrogen is one of the most limiting nutrients on plant growth in Interior Alaska. Foliage stable nitrogen isotope ratio (δ15N) 
reflects patterns of soil-plant nitrogen uptake. We analyzed foliage and roots δ15N values of black spruce (Picea mariana) 
grown in different position of northeast facing slope, in which tree size significantly differed. We established four plots in 
Caribou Poker Creek Research Watershed (CPCRW) and measured above ground biomass (AGB) of black spruce, foliage 
δ15N values, active layer depth and soil characteristics. We also set two transects (one along a slope gradient, and a second on a 
north to east axis at a fixed elevation) of 1.6 kilometer length across the plots. We collected foliage and root samples and 
measured their current shoot growth, δ15N signatures and N contents. The AGB and shoot growth varied widely across the 
gradient: 12.5 t ha-1 in lower slope position to 85.7 t ha-1 in upper slope position. Tree growth rate was strongly affected by 
elevation and aspects of slope; growth rate at lower elevation with shallow active layer in growing season was lower than 
higher elevation with deeper active layer, and was also limited in northeast facing slope. Foliage δ15N values varied between 
2.9 to 13.1‰ and had positive correlation with tree growth rate. These results indicated that nitrogen utilization of black spruce 
significantly varied with slope position. On the lower slope, where the soil active layer was shallow, black spruce growth was 
















起こりにくい。そのような環境では共生菌根を通じて窒素吸収を行うため、菌根による窒素同位体分別(Mayor et al. 
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アラスカ大学 HP上に公開されている CPCRWの Digital 
Elevation Model (DEM)により作成(Chapin and Hollingsworth, 
2010). 
Figure 1. Locations of the two transect lines. N0–N3, sample plots 
(10 × 10 m). Circular symbols indicate sampled individuals.  
The figure was created by author based on Digital Elevation Model 
(DEM) of CPCRW (Chapin and Hollingsworth, 2010). 
図 2斜面上部(N0:上)と下部(N3:下)プロットの林相の違い 
Figure 2. Differences tree size and density between upper (N0) 








Leaf functional traits of different life forms of various broadleaf woody plants in the Alaskan 
interior 
Tanaka Kenzo1, Ayumi Tanaka-Oda1 Yojiro Matsuura1 and Larry D. Hinzman2 
1 Forestry and Forest Products Research Institute 
2 University of Alaska Fairbanks 
 
The morphological and physicochemical traits of leaves are important in terms of plant adaptation to various growth 
environments, because such traits play central roles in various functions including photosynthesis. We measured the toughness, 
mass per unit area (LMA), nitrogen content, and δ15N levels of the leaves of different life forms of 39 broadleaf woody plants 
in interior Alaska. The plants were divided into three life forms based on the maximum height of adult plants: understory (<1 
m), small (≥1 m to <5 m), and canopy (≥5m). Evergreen species accounted for a large proportion of understory woody plants 
(44%), whereas most small (87%) and canopy (100%) trees were deciduous. Higher LMA, increased toughness, and higher 
C/N ratios prolonged leaf lifespan in evergreen species. We also evaluated the presence/absence of bundle-sheath extensions 
(BSEs), which contribute to the mechanical support of leaves and enhance photosynthetic ability by improving hydraulic 
properties. In total, 11 species (28%) had homobaric leaves (BSEs were absent) and 28 species (72%) had heterobaric leaves; 
these proportions are similar to those of woody plants of other temperate deciduous forests. The δ15N values reflected the 
presence of root symbionts such as ericoid mycorrhiza or Frankia sp. Our results suggest that leaf traits may affect both the life 
form of the host plants and leaf longevity in both evergreen and deciduous species. Those results have been published in 









確認でき比較的容易に識別できる（Fig 1, Terashima 1992）。機能面でもこの部位が光ファイバーの様な働きをし、
葉内部への光透過に役立つことや、高い通水機能を持ち、葉の構造強化に貢献することなど様々な機能の存在が
明らかになっている（Inoue et al. 2015）。生活形は成木の樹高別に林冠木（5m 以上）、低木（1~5 m）、林床木
（1m 未満）に分け、また常緑樹と落葉樹についてもそれぞれ区分し解析した（Kenzo et al. 2016）。 
樹木の生活形や常緑・落葉性と葉の形質には密接な関係が見られた。林床木には常緑樹が多く 44％を占めたが、
低木では 13％、林冠木では 0％で全種が落葉樹であった（Fig.2）。また、林床木に比べ林冠木は異圧葉の割合が
高かった（Fig.2）。落葉樹は葉内窒素濃度が高く、BSE を持つ異圧葉樹種が 80%近くあった（Table 1）。異圧葉
樹種は等圧葉樹種に比べ光合成能力が高いことが知られており（Inoue et al. 2015）、林冠など光環境の強い環境に
生育する落葉樹は、異圧葉を持ち葉の窒素濃度を高めることで短い生育期間に高い光合成生産を行い（Kenzo et al. 
2006）短命な葉の製造コストを短期間で回収していると考えられた（Chabot and Hicks 1982）。一方、林床など暗
い環境に多い常緑樹は、LMA や葉の強度が落葉樹の 2 倍以上あり、炭素濃度や C/N 比も高いことから（Table 1）、
葉の構造強化に投資し、窒素濃度が低いため光合成は低いが（Kenzo et al. 2006, 2015）葉寿命を延ばすことで葉の
製造コストを長期間で回収する戦略を取っていると考えられた（Chabot and Hicks 1982）。また、常緑樹は約半数
が BSE を持たない等圧葉であった。分厚い葉を持つ常緑樹は、葉内のガス拡散抵抗が高く、光合成が制限される
場合が多い。等圧葉はガス拡散障壁となる BSE を欠くため常緑樹に多くなると考えられた（Terashima 1992）。今
回アラスカ寒帯林で得られた異圧葉樹種の割合は 72%で、これまで北米や日本の落葉樹が優占する冷温帯林で得
られた値（75~90%）とほぼ同じであった。一方、常緑樹主体の暖温帯から熱帯林で得られた値は 35~57%とかな
り低く（Wylie 1952, Kenzo et al. 2011, 2007）、今回得られた常緑樹の異圧葉樹種の割合（56%）とほぼ同じで、世
界的な傾向と一致していた。なお、本成果の一部は Kenzo et al. (2016)で公表した。 
  
           Table 1. Ratio of heterobaric tree species, leaf mass per area (LMA), leaf toughness, nitrogen and carbon contents, C/N ratio, 
and stable carbon (δ13C) and nitrogen (δ15N) isotope ratios of deciduous and evergreen leaves. Asterisks indicate significant differences. 
 














Deciduous  77* 59.9±3.1* 29.4±2.5* 2.04±0.1* 52.8±0.5* 30±3* -29.3±0.2ns -0.65±0.5*
Evergreen  56* 123±12.4* 66.6±7.5* 1.10±0.9* 57.0±1.4* 55±5* -30.0±0.4ns -4.10±0.7*
 
 




Figure 1.  Transmission micrographs of surface and 
transverse sections of leaves. Arrows indicate bundle 
sheathes. (A) A heterobaric leaf from a canopy woody 
plant (Populus tremuloides), (B) A heterobaric leaf from a 
canopy woody plant (Populus balsamifera), (C, D) A 











Figure 2.  The percentages of trees with heterobaric and 
homobaric leaves (A), deciduous and evergreen species 
(B) among different life forms. The numbers in 
parentheses are the numbers of species analyzed. 
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アラスカ北極圏の湖沼におけるメタンフラックスと永久凍土融解の影響 
Effect of the thawing permafrost on methane flux from lakes in the Alaskan Arctic Zone 
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アラスカ Dalton Highway 沿線で 2008 年夏期に約 30 湖沼の採水を，2012～2014 年の GRENE プロジェクト内で
加えて Richardson Hwy, Denali Hwy, Glenn Hwy 沿線で約 10 湖沼の採水を行い，水中溶存メタン濃度（以下 DM）
を観測した．採水ステーションと解析対象エリアを Fig.1 に示す．図中の○印は採水した湖沼の位置を示す．観測
エリアは北からツンドラ地帯，山岳地帯（Brooks 山脈）およびタイガ地帯の 3 つの特徴的な地帯から成る．採取
した湖水中の DM をガスクロマトグラフ－水素炎イオン検出器（GC-FID：島津 GC-8A）により測定した．採水方
法や DM 分析方法の詳細は Sasaki and Endo (2014)などと同様である． 表層 DM (nmol L-1)を湖沼面積 A(km2)との相
関として Fig. 2 に示す．2008 年夏と 2012 年夏の重複湖沼（25）の DM の間には有意の差は認められなかった．ア
ラスカ北極圏のツンドラおよび山岳地帯の DM-A のトレンドは，スウェーデン及び北米北部の湖沼に対して
Bastiviken et al. (2004)によって提案された式(1)によってよく記述される．アラスカのツンドラ地帯は連続した永久
凍土に覆われているのに対し，式(1)は永久凍土の存在しないスウェーデン及び北米北部の湖沼に対して求められ
たものであり．アラスカ北極圏のツンドラでは明確な永久凍土の融解の影響（DM 強調）は認められない．一方タ
イガ地帯はツンドラ地帯より表層 DM が有意に高い傾向が認められ，これに対しては式(2)の近似式を与えた． 
 
DM＝262.4 A-0.227 (Bastiviken et al., 2004) ：ツンドラ地帯（含む山岳）      (1) 















Fig.1 Observation stations and study regions 
Bastvikenet al.2004
DM = 262 A-0.227
Tundra


















DM = 652 A-0.149
Taiga
Fig.2 Correlations between lake size (A) and dissolved 





CO2 に対する大気-湖沼表層の交換係数 k 600（淡水の 20℃ 
の時のシュミット数 Sc=600 に対する値）を決定するために， 
Cole and Caraco (1998)の経験式(3)を適用した． 
 
k 600 = 5.75 ×10–6 + 0.597 ×10–6 U101.7.   (m s–1)      (3) 
 
U10 は地上 10 m の相当風速で，本計算では時間平均値を用い 
た．メタンの交換係数 k CH4 は，メタンのシュミット数 ScCH4 
から，以下の式(4)および(5)によって求まる． 
 
k CH4 = k600 (ScCH4 / 600 ) – 0.5  .                     (4) 
ScCH4 = νw / DDM.                         (5) 
 
湖沼表層から大気への時間平均マスフラックス dm/dt は， 
 
dm/dt = MCH4 kCH4 (DM – DM0) A ×3600.  (g CH4 hr–1)    (6) 
 
以上の大気へのメタン拡散の推計方法は，Sasaki et al. (2010)に詳述されている．アラスカの全観測湖沼において
DM は大気平衡濃度 DM0（4.7~2.5 nmol/L）を大きく上まわり，湖沼は大気へのメタンソースとなっている．式(6)
を各代表気象 Region ごとの湖沼面積および開水期間に対して積分するとアラスカ全土の湖沼のメタンフラックス
を推計できる．式(3)で必要な U10，式(5)のシュミット数 ScCH4 を決めるのに必要な水温および開水期間（気温から
推計）など，気象データは代表的な自動気象観測地点のデータを用いた．すなわち，ツンドラ地帯（北緯 64°以
北）については，Betty Pingo (BP), Sagwon Hill (SH), Upper Kuparuk (UK) および Fairbanks (FB)，タイガ地帯につい
ては Gulkana (GK), Portage (PT), McGrath (MG), Bethel (BT) のそれぞれ 4 ｹ所で，Fig. 1 中●印で示した．式(6)中の
湖沼面積 A については，地図サイト (http://maps.google.co.jp) から入手した地図画像を，二階調化などの画像処理
を施した後に，粒子解析ソフト（旭化成エンジニアリング「A 像くん」®）を流用して，湖沼面積 A が 0.001 km2
以上の全ての湖沼について，その数と面積の頻度分布を解析した．アラスカ全土の合計湖沼面積は 49,291 km2 (対
象湖沼数約 81 万)となり，そのうちツンドラ地帯は 30％であった．メタンフラックスの月変化の推計結果（2008
年と 2012 年の平均）を Fig. 3 に示す．UK の 5 月と FB の 10 月は開水が半月と仮定しているため，バーの幅を半
分に表記している．アラスカ全体のフラックスは 77.4 Gg CH4 yr
-1 となり，その内ツンドラ地帯は 9.0 Gg CH4 yr
-1 で
あった．アラスカ全土の平均マスフラックス密度（m2 当り）は約 1.57 g CH4 m
-2 yr-1 であるが，山岳地帯を含むツ
ンドラ地帯（北極圏）は約 0.61 g CH4 m
-2 yr-1 であった．このレベルはスウェーデン(Bastiviken et al., 2004)，フィン








中 DM に影響しなかったことが示唆された．むしろタイガ地帯の湖沼でツンドラ地帯よりも有意に高い DM が認
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Recent Severe Forest Fire in Alaska and Weather Conditions 
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Recent concurrent widespread fires in Alaska are evaluated to assess their associated synoptic-scale weather conditions. 
Several severe fire-periods from 2002 to 2015 were extracted using Moderate Resolution Imaging Spectroradiometer (MODIS) 
hotspot data by considering the number of daily hotspots and their continuity. Fire weather conditions during the top six severe 
fire-periods in the fire years of 2004, 2005, 2009, and 2015 were analyzed using upper level (500hPa) and near surface level 
(1000hPa) pressure atmospheric reanalysis data. The top four fire-periods occurred under similar unique high-pressure fire 
weather conditions related to Rossby wave breaking (RWB). Following the ignition of wildfires, fire weather conditions 
related to RWB events typically result in two daily hotspot peaks occurring before and after high-pressure systems move from 
south to north across Alaska. A ridge in the Gulf of Alaska resulted in the first hotspot peak under south-westerly wind. After 
the high-pressure system moved north under RWB conditions, the Beaufort Sea High developed and resulted in a second 
(largest) hotspot peak during each fire period under relatively strong easterly wind in Interior Alaska. Low-pressure-related fire 
weather conditions occurred under cyclogenesis in the Arctic and resulted in a single large hotspot peak under south-westerly 
wind.  
 
1. Fire History in Alaska - Burnt area from 1956 
Fire data provided by the Alaska Interagency Coordination 
Center (AICC) for 1956-2015 was analyzed to identify annual 
total burnt area and number of fires, and burnt area of each fire. 
The annual burnt area due to forest fires for 1956-2015 are 
ranked in descending order and are displayed in Fig.1. From 
Fig.1, the top 12 years (burnt area >6,000 km2) stand out among 
the remaining years (burnt area <6,000 km2). We will call them 
“fire years”. The total burnt area of the top 12 fire years is about 
169,300 km2 and 2.3 times lager than that of the other 48 years 
combined (about 72,400 km2, years of 13th to 60th).                                             
The table inset in Fig.1 shows three different average burnt values: (1) the last 60 years average (①Ave. 1956-2015 in Fig.2) is 
4,029km2, (2) the 41 year average from 1956 to 1996 (②Ave. 1956-1996 in Fig.2) is 2,885km2 and (3) the most recent 19 year 
average from 1997 to 2015 (③Ave. 1997-2015 in Fig.2) is 6,498km2 (year of 1997 is chosen just because for comparison with 
the summer Beaufort Sea High (BSH) activities from late 1990s (Moore 2012)). The ratios of  ②Ave./①Ave. and ③Ave./①
Ave. are 0.71 and 1.61 respectively. The ratio of ③Ave./②Ave. is 2.25. These large ratios suggest that there is a trend to 
larger fire years in the most recent 19 years that started around 1997.  
 
2. Recent fire trend by MODIS hotspot data from 2002 
The MODIS hotspot data during 2002-2015 were obtained from NASA 
FIRMS (Fire Information for Resource Management System). MODIS 
hotspot data contains various information such as latitude, longitude, 
brightness, acquisition date and time, satellite name, confidence, etc. We 
used only the spatial and temporal hotspot data in this study. The number 
of daily hotspots was used to identify fire periods, i.e. periods of days 
when numerous fires occurred, and to identify the important dates of 
major hotspot peaks during the fire periods. The MODIS hotspot data over 
the entire Alaska domain except Juneau region were used. Hotspots near, 
but beyond, the border (i.e. 141°W) with Canada to 140°W were also 
included to identify large fire areas that extended into Canada. Each 
detection day and time of hotspot data were converted to Alaska local time 
using UTC (-8 hours) for a consistency.  
  
In Fig.2, the hotspot data for the top four fire years of 2004, 2005, 2009 and 2015 (see Fig.1) are represented by four different 
color dots (blue for 2004, red for 2005, green for 2009, and gray for 2015) to show the large-scale widespread fires. The center 
point of fire activity for each year was defined by averaging the longitude and latitude of each hotspot data area.  
 
3. Severe fire periods and their hotspot peaks 
The number of daily hotspots was used to find active fire-
periods during fire season of each year. The active fire-
period was extracted by considering the succession of active 
fire days. The fire-period was defined as the consecutive fire 
days when the number of daily hotspots was greater than 
300. This definition allowed us to extract several severe fire 
periods over the MODIS hotspot record.  
       The number of daily hotspots during the four “fire 
years” of 2004, 2005, 2009, and 2015 are plotted in Figs.3. 
Mark of H and a circle are putted when high-pressure 
system movement from south to north occurs (H stands for 
high-pressure and a circle in Figs.3 shows exact date of 
occurrence). Four high-pressure system movements were 
checked by weather maps at 1000hPa. This movement is 
discussed in the latter part of paper (weather maps for 2005 
in Fig.7). Totally seven severe fire periods are found during 
four fire years and ranked by total number of hotspots of 
each fire period.       
      For major hotspot peaks in four fire years in Figs.3, 
average wind directions in western and eastern side of 
Alaska found in the satellite imagery was putted like “S,E”. 
“S” and “E” stand for southerly wind and easterly wind. In 
addition to wind directions, mark of ① and ② are putted 
for specified hotspot peaks of seven severe fire periods in 
Figs.3. ①  and ②  stand for first and second largest 
hotspot peaks of each fire periods (except “2. Late Aug.”). 
Only top four severe fire period has both mark of ① and 
②. For other three fire periods, ① or ② is putted for first or second largest hotspot peak. These wind directions and marks 
are used to classify each severe fire period.  
 
4. Conclusions 
This study focused on the synoptic-scale fire weather conditions that occurred during several widespread fire-periods in 2004, 
2005, 2009, to 2015. Analysis results showed that there are two types of fire weather conditions or high- and low-pressure 
weather types. High-pressure fire weather conditions occurred under unique weather phenomena related to RWB. After the 
onset of a large meandering of Jet stream near Alaska, a blocking high was formed over Alaska at upper air levels (500hPa) 
and the high-pressure system then moved from south to north across Alaska at the lower level (1000hPa). Along with the high-
pressure system movement, the wind direction changed from southerly and westerly (SW) to easterly (E) within a several days 
in Interior Alaska. The switch from SW and E winds occurred with two distinctive hotspot peaks. The largest hotspot peak 
during each fire-period occurred only in E wind conditions under the Beaufort Sea High. Because E wind from BSH was 
stronger than the SW wind and blew continuously day and night (from our preliminary analysis results of Caribou Peak 
weather station data). Under low-pressure weather type, SW wind made one large hotspot peak. This wind condition was made 
by large pressure difference between low-pressure system in the Arctic Ocean and high-pressure system in the Bering Sea. The 
onset of two types of severe fire weather conditions for Alaska may be predictable. This study suggest two weather 
phenomena: (1) onset of large meandering of Jet stream in the west of Alaska for the high-pressure weather type, (2) onset of 
low-pressure system development (cyclogenesis) in the Arctic Sea and high-pressure system in the Bering Sea for the low-
pressure weather type. This study also suggest there is a wind passage (corridor) in the central Alaska made by terrain of 
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データ同化の対象としたモデルは Super-Simple Stochastic Ecosystem Model (SSSEM, Dietze 2013)であり、これに展
葉・落葉フェノロジーを付加し、粒子フィルタによってパラメタの最適化を行った。アラスカ州フェアバンクス
























図 1.  人工衛星観測データ（MOD15A2）を用いた SSSEM のデータ同化の結果、シミュレーション結果は観測データの周囲に








Accurate detection of year-to-year variability of growing season in a boreal forest in eastern Siberia 
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Accurate detection of spatio-temporal variability of growing season in boreal forests is important to evaluate that of ecosystem 
functioning under rapid climate changes in the Pan-Arctic region. Towards this aim, satellite remote-sensing is useful but, from 
the ecological research view point, validation has not yet been sufficiently conducted. Here, (1) we have installed camera 
system in a larch forest in eastern Siberia (Spasskaya Pad site) in 2013 and then obtained daily canopy surface images. (2) 
Based on the ground truthing, we evaluated the spatio-temporal variability of the timing of growing season by analysing the 
Terra/Aqua MODIS-observed daily green-red vegetation index (GRVI) in eastern Siberia during 2003 and 2014. We found 
that (1) the timing of leaf-flushing and leaf-colouring of understory vegetation (birch) was about 1 week later and earlier than 
that of overstory vegetation (larch), respectively; (2) GRVI=0 showed the timing of leaf-flushing and leaf-colouring, 
respectively; and (3) the year-to-year variability of the timing of start of growing season detected by the tower-flux-based net 
ecosystem exchange (NEE) correlated with that by satellite-observed GRVI.  
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As part of the terrestrial branch of the Japan-funded Arctic Climate Change Research Project (GRENETEA), which aims to 
clarify the role and function of the terrestrial Arctic in the climate system and assess the influence of its changes on a global 
scale, this model intercomparison project (GTMIP) has been designed and conducted. Sets of forcing and calibration data for 
Land Surface Models (including both physical and biogeochemical models; LSMs) was constructed for the 35 year period 
from 1979 to 2013 with site-observation data to derive site-fitted data for LSMs with realistic yet continuous entries (i.e. 
without missing data). Four observational sites in the pan-Arctic region (Fairbanks, Tiksi, Yakutsk, and Kevo) were selected 
for overall GTMIP Stage 1 dataset, of which this paper reports the processes and results for Tiksi and Kevo sites. 
 
GRENE 北極プロジェクトの一環として，北極陸域における観測値やモデル出力値を用いたモデルの相互比較「北
極陸域モデル相互比較プロジェクト(GRENE-TEA Model Intercomparison Project: GTMIP; Miyazaki et al. 2015)」を行
った．GTMIP の推進にあたり，GRENE が主体的に運営管理する「陸域総合観測サイト（スーパーサイト）」で得





フィンランド・ケヴォ(Kevo．北緯 69°45'，東経 27°00'，標高 100m．タイガ，季節凍土) は 1995 年より，また
ロシア・ティクシ (Tiksi．北緯 71°35’，東経 128°46’，標高 40m．ツンドラ，永久凍土) は 1997 年より継続
的な観測が実施されており，上記「観測－モデル連携データセット」を作成した 4 サイトのうちの 2 つである．
Stage1 に用いた 1980～2013 年を期間とするモデル強制データ(Lv1)は，気圧，長波放射，気温，比湿，短波放射，
降水量，風速の７項目について再解析データなどの気候データを基にしたレベル 0 (Lv0) と観測データとを比較・
補正して作成した． 
 
サイト観測値 (Obs) と気候際解析データ ERA-Interim（ERA），GPCP とを年内変動および経年変動について比較
した結果、Tiksi では，観測値の年内変動は GPCP に、経年変動は ERA より近く，Kevo では年内／経年ともに変






Miyazaki et al. 2015: The GRENE-TEA Model Intercomparison Project (GTMIP): overview and experiment protocol for 
Stage 1. Geosci. Model Dev., 8, 1–16, doi:10.5194/gmd-8-1-2015. 
Sueyoshi et al. 2016: The GRENE-TEA Model Intercomparison Project (GTMIP) stage 1 forcing dataset. accepted, ESSD. 
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Fairbanks (米国)、Kevo (フィンランド)、Tiksi (ロシア)、Yakutsk (ロシア)の 4 カ所の GRENE 観測サイトについて、
現地観測データと再解析データを用いてそれぞれのサイトの特徴を有したモデル入力データ(Lv1; Sueyoshi et al. 
2016) を作成、プロトコルと共に配布し、GTMIP 参加モデルのうち 11 モデルから地温の出力値を得た。対象とし
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図 3. 2014 年 12 月 11 日の FALCON-A でのドプラー観
測データ。縦軸は高度で 0～15 km, 横軸はドップラ




図 2. 2013 年 9 月 16 日に ニーオルスンで観測されたうろこ雲の FALCON-A による強度の高度-時間
図（左最上。その下は dBZ スケールの強度図）。下の２段は、Micro-Pulse Lidar (塩原ら) の観
測結果。淡い雲の詳細が一致しているが、両者の見え方が異なる部分もある。 
雲レーダー FALCON-A による北極ニーオルスンでの雲観測 
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極ニーオルスン基地に W バンド 95GHz の雲レーダー (通称：FALCON-A) を設置し、定常観測を行っており、
本事業大気課題など関連の研究者が利用できるようにデータの整備なども行われている。FALCON-A は、千葉
大学で設計開発され運用されている雲レーダー FALCON-I を改良発展させた装置で、高い感度と空間分解能を
備えたドプラーレーダーで、図 1.にその外観を、表 1. に性能等諸元を示す。FALCON-A での雲観測は、2013 年
の設置以来、冬期もふくめ常時行っている。図 2. に 2013年 9月 16日に観測されたうろこ雲の様子を示す。
FALCON-A のデータを見ると、高度 4～6 km にある雲は、4～5 km の下層と 5～6 km の上層の雲が異なった構
造を示していることがわかる。図 3. は 2014 年 12月 11 日の ドプラープロファイルマップであるが、雲内部の




図 1. ノルウェー スバールバル諸島ニーオルスンの国立極地研究所北極観測基地 (78.9°N,  
11.9°E) に設置された FALCON-A (右写真) とコンテナ(左写真、緑のコンテナ)。コン
テナ天井のテフロン窓を通して、冬期もふくめ常時連続観測を行っている。 
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Tethered balloon-borne cloud measurements with Cloud Particle Microscope sonde in Ny-Alesund 
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Tethered balloon-borne cloud measurements with Cloud Particle Microscope(CPM) sonde to measure cloud microphysics in 
Ny-Alesund (78.9N, 11.9E), Svalvard. The number-size distributions of clouds were measured in clouds directly. The mesured 
















した．フラッシュランプの点灯時間（半値幅）は 0.3 µs，点灯周期は 64 
Hz，CCD カメラの露出時間は，1/16 s とし，多重露光とすることでサ
ンプリングボリュームを向上させた．CCD カメラの画素数は 1628 x 
1236 ピクセルである．バックグランドノイズを低減させるため，連続
した 2 枚の画像の絶対差を算出した結果をゾンデ内の小型 PC に保存し，
地上で回収した後，画像処理を行った．標準粒子（d = 20 µm）を距離を
変えながら撮影し，ピントが合う範囲を決定し，サンプリングボリュー
ムを決定した．今回の設定では 0.588mm3/s となった． 
３．観測 
 観測は，平成 26 年 6～7 月にニーオルスンの AWI/PEV の施設を使用
し，係留気球により高度 1000m 前後の雲内部に CPM を保持し，観測を
実施した．一回の観測時間は内部バッテリーの制約から 2 時間とした．
条件がよいときには，雲下層と雲上層といった複数の高度で測定を実施






1)Uchiyama A.,A. Yamazaki, M. Shiobara, H. Kobayashi, Microphysical properties of boundary layer mixed-phase cloud observed 
at Ny-Ålesund, Svalbard: Observed cloud microphysics and calculated optical properties, Polar Science, 8, 57-72, 2014. 
Figure 1. Measured size distribution of 
cloud droplet particles in each altitude.
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Deposition of black carbon aerosol (BC) on snow (i.e. wet deposition) is considered to lower snow 
albedo and accelerate melting of snow. The wet deposition estimates have increased attention for the 
last decades due to it’s positive feedback (warming) in the Arctic climate, in particular. However, the 
measurements of the BC deposition in the Arctic are very limited. In this study, we present a novel 
approach to compare the measured BC mass concentrations in falling and deposited snow samples 
(CBC) at different depths in Glacier and City sites in Ny-Alesund in the Arctic. The snow samples in the 
City and Glacier sites in Ny-Alesund were collected on 16 and 17 April 2013, respectively. CBC is 
measured using a SP2 combined with a nebulizer. Accumulated precipitation corresponding to each 
day measurement of CBC in falling snow samples is normalized with the water mass flux measured as 
function of snow depths and scaled the date (back in time from the date of sampling) with an error of 
±1 day. CBC and BC flux (FBC) are then compared between falling snow and deposited snow samples 
for the scaled period of 24th September 2012 to 17th April 2013 (or 16th April 2013 for City).  This 
comparison shows a well correspondence in regard to CBC and FBC between falling and deposited snow 
for Glacier. Surprisingly, CBC in city snow samples do not show any correspondence neither with CBC 
in deposited snow in Glacier nor with CBC in falling snow samples. The ambient BC mass 
concentrations (MBC) show a good agreement with CBC for both City and Glacier deposited snow 
samples during the period of 24th September 2012 to 17th April 2013. Interestingly, the BC mass size 
distributions do not show any significant variations in deposited and falling snow samples and are 
represented by lognormal function with a mass median diameter of about 200 nm for deposited snow 
(for both Glacier and City sites)  and about 200-300 nm for majority of the falling snow samples. 
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蒸発散量の差（P-E）は河川流量に対応しており，P-E の変動は上空の水蒸気輸送の影響を強く受ける（Zhang et al. 






慮することでずれは小さくなり，河川流量の年々変動には P-E が支配的であることを明確に示した。 
過去 70 年間に観測された河川流量データは，先行研究と同様に 1980 年代から 90 年代半ばにかけてレナ川とオ
ビ川の流量が負相関であることを示し，これには大気循環の東西シーソーパターンが影響していた。一方で 1990
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北極の白い領域は 2012 年 3 月の海
氷分布，北極海中心部のハッチ は
最小を記録した 2012 年 9 月の分
布。陸域のカラーは標高，灰色線お
よび黒線（シベリア三大河川）は河
川網（大島 2015 より）。 
  












CHANGE による実験の結果，北極河川では近年の昇温によって最大氷厚は平均の 166cm から過去 31 年間（1979
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図 3 北極の大気－海洋－陸域システムにおける水循環を 
介した相互作用（北極環境研究の長期構想 2014 を修正）。 
  
Fig.1 Time averaged potential vorticity (PVU) at (a) 250 hPa, (b) 500hPa and (c) 850 
hPa, geopotential height (m) at (a) 250 hPa, (b) 500hPa and (c) sea level pressure 
(hPa) for the case 2008. The figures are time average during the life cycle (00Z 10 
June – 18Z 26 June, 2008). The shades show the potential vorticity, and the contours 
show the geopotential height and sea level pressure. The contour interval in (a), (b) 
and (c) is 20 (m/s) and 2 hPa, respectively. 
Three Dimensional Structures of the Arctic Cyclones 
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Arctic cyclones are unique low pressure systems appearing in the Arctic, which are different from the tropical cyclones and the 
mid-latitude cyclones. Three typical Arctic cyclones having longer duration in summer were analyzed by Tanaka et al. (2012). 
They provided a new insight that the surface Arctic cyclone connects to an upper polar vortex producing a deep barotropic 
vortex. They also noted that the characteristic thermal and the vortical structures are maintained throughout a life cycle. 
Aizawa et al. (2014) analyzed the same thermal structure and a deep wide-spread tropopause folding just over the cyclone 
center related to the intensification of the polar vortex. But, the three dimensional stereoscopic structure of the Arctic cyclones 
was not investigated by their studies. The purpose of this study is to show the three dimensional structure of the typical Arctic 
cyclones. 
 The Arctic cyclones chosen in this study (Aizawa and Tanaka 2016) are cases of June 2008 (Tanaka et al. 2012, 
Aizawa et al. 2014) and August 2012 (Simmonds and Rudeva 2012). The original data used this study are the reanalysis data 
of JRA-25/JCDAS (Japan 25year Reanalysis/JMA Climate Data Assimilation System; JMA: Japan Meteorological Agency). 
The case 2008 appeared above the Arctic Ocean at 00Z 10 June 2008, roamed around the Arctic Ocean for more than two 
weeks. The minimum pressure in the life cycle is 977 hPa. The case 2012 arose above the Central Siberian at 18Z 2 August 
2012, and moved to the Arctic Ocean showing a development in the central pressure. The minimum pressure in the life cycle is 
965 hPa. To investigated the three dimensional structure of the Arctic cyclones, we converted the meteorological data from a 
latitude/longitude coordinate system into the cylindrical coordinate system around the cyclone center using a bi-cubic spline 
interpolation. The resolution of the cylindrical data is 10 km in a radial direction with 1 degree in deflection angle. 
 Since the cyclone of case 2008 had a steady structure, we calculated the space-time averaging through the life cycle to 
extract the typical structure of the Arctic cyclone. The figures are time average during 00Z 10 June 2008 to 18Z 26 June 2008 
(for 17days). Figure 1 shows the lifetime mean potential vorticity (PVU, 10-6m2s-1kg-1K), geopotential height (m) at 250 hPa 
and 500hPa, and sea level pressure (hPa) of the Arctic cyclone. We find from Fig. 1 (a) that there is an isolated potential 
vorticity anomaly, associating with the intense upper polar vortex having symmetric circulation at lower stratosphere. This 
stratospheric vortex vertically binds to the tropospheric vortex tightly (Fig. 1b), indicating cyclonic potential vorticity anomaly. 
The surface cyclone appears just under the upper polar vortex in the high potential vorticity region at 850 hPa (Fig. 1c). The 
horizontal scale of cyclone showing symmetricity from lower and upper altitude is 1500 km in radius.  
 Figure 2 illustrates the radius-height cross section of azimuthally averaged tangential wind, radial wind, vertical 
velocity, relative vorticity and temperature deviation from the environmental mean for the case 2008. The dynamical 
tropopause (2 PVU surface) is also shown in Fig. 2 by the bold contours. The snapshot figures during the life cycle show the 
same structures as the Fig. 2 (not shown), although there are some fluctuations for the intensities of the secondary circulation 
in time. The upper jet locates at 300 hPa, in radius of 400-1000 km, and its maximum is over 20 m/s. The cyclonic wind 
covers the whole length of graphic, exceeds 
a radius of 1500 km in radius. This huge 
cyclonic circulation with the jet is related 
to the upper polar vortex. The Arctic 
cyclone is a wide-scale vortex of a deep 
cyclonic primary circulation from the 
surface up to the stratosphere. There is a 
secondary circulation within the vortex of 
the cyclone. The outflow at the upper 
troposphere (200 -500 hPa) is seen in Fig. 
2(b). In the boundary layer, it is an inflow 
(Fig. 2d). It shows updraft within the 1000 
km radius, the region of peak intensity 
locates at 500 hPa level of a cyclone center. 
  
On the other hand, the figure shows the 
downward current outside the 1000 km radius. 
Note that it shows a downdraft at the lower 
stratosphere (70-250 hPa) around the cyclone 
center. The positive relative vorticity related to 
the deep cyclonic circulation stretches up to 
stratosphere from the surface. The temperature 
deviation indicates a cold core in the troposphere 
and a warm core in the stratosphere as seen in Fig. 
2(f). The center of the warm core locates at 300 
hPa in agreement with the previous study by 
Tanaka et al. (2012) and Aizawa et al (2014). The 
tropopause at the cyclone center descends from 
300hPa to 500 hPa associating with the potential 
vorticity anomaly at the lower stratosphere.  The 
tropopause folding above the cyclone center 
implies the upper polar vortex. The sustained 
downward airflows at the lower stratosphere are 
able to intensify the warm core by the adiabatic 
heating process. This effect has the potential to 
maintain the upper air and surface cyclones, 
causing the adiabatic cooling by the ascent flows 
in the troposphere through the boundary layer 
Ekman pumping. 
 Note that the cyclone of June 2008 
appears showing axisymmetric cyclonic 
circulations at the surface level. The cyclone of 
2012 is characterized by the structure change 
from the cold core to the warm core at the lower 
stratosphere, indicating a shift from the ordinary 
baroclinic cyclone to the typical Arctic cyclone (not shown).  
 Tropopause polar vortices are often found on the tropopause in the Arctic. Cavallo and Hakim (2010) provided the 
structure of the tropopause polar cyclones. Compared with their results, though the basic structure of the Arctic cyclones is  
similar to the tropopause polar cyclone, the scale and the intensity of the Arctic cyclones are significantly larger than that. The 
major difference in the Arctic cyclone is found in the vertical structure producing the surface cyclonic circulation while it  is 
absent in the tropopause polar vortex. It is found that the Arctic cyclone is characterized as one of the tropopause polar vortices, 
but it is connected with the polar vortex of all the stratosphere, and the cyclonic circulation reaches to the ground, generating a 
secondary circulation which produces the cold core in the troposphere by the updraft from the surface level. Although 
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Fig.2 Radius-height cross sections of azimuthal mean (a) tangential wind 
speed (m/s), (b) radial wind speed (m/s), (c) vertical velocity (cm/s), (d) 
enlarged plot of (b) near the surface (m/s), (e) relative vorticity (10-5s-1) and 
(f) temperature deviation (℃) for the case 2008. The figures are time average 
during the life cycle (00Z 10 June – 18Z 26 June, 2008). The bold contours 
show the dynamical tropopouse (2 PVU surface). The solid lines and the 
dashed lines indicate positive and negative values. The intervals of the dashed 










北半球冬季における大気の最も卓越した変動として北極振動(Arctic Oscillation: AO)がある．AOは北緯 60度を挟






いこの現象は北極温暖化増幅(Arctic Amplification: AA) と呼ばれている(Serreze and Francis 2006)．Nagato and 
Tanaka (2012)では北緯 20 度以北の冬季(DJF)の地上気温について EOF 解析を行うと，EOF-1 には AO パターン，
EOF-2 には北極域を中心とする温暖化パターンである AA パターンが抽出され，AO パターンは自然変動成分，
AA パターンは人為起源変動成分と示唆されたが，これを明らかにするには至らなかった．一方，Alexeev and 
Jackson (2012) では，2-Box Energy Balance Model (Langen and Alexeev 2007)を使用して AAに対する大気の熱輸送と
高緯度における地表面アルベドの影響評価を行い，現在の気候下において AAには地表面のアルベドフィードバッ
クが大きく影響していることを示した．この地球温暖化のバランス方程式を用いたモデルにより北半球地上気温












との相関を調べた．ここで使用したデータは NOAA の Mauna Loa 月平均 CO2，JRA-55 再解析データの月平均 2m
地上気温，2 次元物理量平均値の大気上端上向き短波放射フラックス及び大気上端下向き短波放射フラックスで，





この成分を地上気温変動から引いた自然変動成分について EOF 解析を行うと，EOF-1 には AO パターン(図 2, 左)，
EOF-2 にはバレンツ海の温暖化，大陸の寒冷化パターンであるバレンツ海モード(図 2, 右)が現れ，AAパターンは
現れなかった．これより AAパターンは CO2トレンドに伴う人為起源変動成分であること，AO パターンとバレン
ツ海モードは自然変動成分として重要なパターンであることが確かめられた．また，AO パターンの地上気温変動
を領域平均するとほぼ 0 となり北半球の地上気温変動への影響は小さいということが考えられる．バレンツ海モ
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図 3 北半球平均プラネタリーアルベド変動の時系列 
図 1 北半球平均地上気温の長周期変動 図 2 地上気温の自然変動成分の EOF-1(左)と EOF-2(右) 
  
The moisture updrafts on the cold pool captured by the continuously radiosonde observation 
passing through the marginal ice zone in Laptev Sea 
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In summer 2013, we conducted 6 hourly radiosonde observation between off-ice and on-ice by Russian icebreaker “Akademik 
Fedorov” passing through the marginal ice-zone in Laptev Sea during NABOS project (Nansen and Amundsen Basins 
Obsevational System). During observation period, the warmer and humid air mass was advected by southeasterly wind from 
Siberia to Laptev sea because the low-pressure system was passing The temperature profiles bellow 600 m was maintaining the 
cold pool associated with a sea ice and the inversion layer formed above it. The humidity profiles were, however, not trapped 
until the height of inversion layer, they reached at higher levels (< 5000 m). These observational evidences implied that the 
humid air from Siberia was lifted on the cold pool maintained by sea ice and this process could transport the moisture to upper 
level in the arctic region. To verify these processes and examine the impact of the existence of sea ice, we conducted the 
numerical experiment by WRF. Three boundary conditions were adopted to simulation; present sea ice, removed all sea ice, 
and increased sea ice area. As primary results, the trajectories of air parcel from Siberia was rising to upper level with released 
the latent heat due to the condensation of humid air. The case of present sea ice transported much moisture vertically in the 
arctic region than other two cases. More detail results will be reported on the day. The process of the vertical moisture lifting 















る結果となった（Ando et al. 2015）． 









 解析の結果，日本の気温に影響を与える大気循環は 11月下旬と 12月上旬で大きな季節変化があることが明らか
となった．一方，初冬の日本周辺の海水温は大気循環の影響を除去しても日本海と有意な正相関であった．この
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The role of the cold Okhotsk Sea in the strengthening the Pacific subtropical high and Baiu 
precipitation 
 
K. Kawasaki1, Y. Tachibana1, T. Nakamura2,3, K. Yamazaki1,2,3, and K. Kodera1,4 
1: Weather and Climate Dynamics Laboratory, Mie University, Japan 
2: Faculty of Environmental Earth Science, Hokkaido University, Japan 
3: National Institute of Polar Research, Japan 
4: Nagoya University, Japan 
 
It is commonly known that the formation of a stationery precipitation zone in association with the Baiu front is influenced by the 
existence of the warm Tibetan Plateau. Some GCM studies in which the Tibetan Plateau is removed pointed out that without the 
Tibetan Plateau, the Baiu front wound not appear. The cold Okhotsk Sea, which is located to the north of Japan, is also important 
in forming cold air for the Bai front. This study focused on the role of the Okhotsk Sea in the formation of the Baiu front by 
using an atmospheric GCM. One GCM is executed without the Okhotsk Sea, in which was changed to an eastern part of the 
Eurasian continent as if the Okhotsk Sea was totally landfilled (land run). The other (sea run) is a control run under the boundary 
condition of climatic seasonal changes of the SST over the globe. The comparison of the land run with the sea run showed that 
precipitation over Japan would weaken in the Baiu season without the Okhotsk Sea, indicating that the existence of the Okhotsk 
Sea has an impact on the increase in precipitation (Fig.1). The precipitation increase in the sea run is directly accounted by the 
strengthening of southeast wind in association with the strengthening of the subtropical high located over the Pacific Ocean (Fig. 
2). The westerly jet, which is located at the northern part of the subtropical high, was also accelerated in the sea run. The 
subtropical high in association with the accelerated jet was strengthened by meridional atmospheric thermal gradient caused by 
underlying cold Okhotsk Sea and the warm Pacific Ocean. The strengthened thermal gradient also activated the storm track that 
extends zonally over the Okhotsk Sea, and the activated storm track further strengthened the jet and subtropical high by wave-
mean flow feedback. This feedback loop could further strengthen the Baiu precipitation. In consequence, the Okhotsk plays a 












Figure 1. Difference in May-June mean in 
precipitation [mm/day] between sea-run and land-run 
(color shading). Significance levels above 90% based 
on t-test are hatched. 
Figure 2. Difference in May-June mean in Sea level 
pressure [hPa] between sea-run and land-run (color 
shading). Significance levels above 90% based on t-










化が示唆されている(Serreze et al. 2007)。ある緯度円により定義された大気柱の側面（緯度面）におけるエネルギ
ー（顕熱、ジオポテンシャルエネギー、潜熱、運動エネルギーの和）とそこでの南北風の積であるエネルギー・
フラックスをエネルギー輸送として定義する。さらに、このエネルギー・フラックスを線形的に分解すると、擾












]}はある物理量 A に対する上で述べた 3 重平均、T は気温、v は南北風を表す。北緯 70°面に
おいて上式の右辺の第 2 項のほうが第 1 項より一桁大きいことがわかる。つまり、北緯 70°面から北極域へと流
入する顕熱フラックスの時間変化に対して、温度のトレンドよりも、南北風のトレンドの方が少なくとも重要で
あると考えられる。そこで本研究では再解析データから、北緯 70°面の南北風についての季節変動、トレンド、






	 本研究では ECMWF Interim reanalysis (ERA-Interim)の 1979 年 1 月から 2010 年 12 月までの 32 年間の月平均デー
タを用いた。水平解像度は 0.75°×0.75°、鉛直層数は 1000hPa から 1hPa までの 37 層と月平均地表面気圧である。
北緯 70°にはグリーンランド等の標高の高い地形が含まれるので、地形を考慮してマスクをかける必要がある。





















 図 1	 左：北緯 70°面、地上〜1hPa までの 32 年間（1979 年 1 月〜2010 年 12 月）に関して 3 重平均した南北風の気候
値（実線）、1979〜1988 年間の平均（点線）、2000〜2010 年間の平均（破線）、それぞれの季節変動	 	 右：北緯






















	 計算結果としては、北緯 70°面の 3 重平均した南北風は年間を通して北極向きを示し、32 年間（1979 年 1 月〜
2010 年 12 月）の気候値は 2 月に極大値 0.13m/s、7 月に極小値 0.02m/s を取り、年間平均は 0.07m/s であった（図
1 左）。 
	 3 重平均した南北風について 1979〜1988 年の期間と 2001〜2010 年の期間を比較すると、2 月に関しては 0.11m/s、
から 0.15m/s に減速し、また 9 月に関しては 0.01m/s から 0.07m/s に加速（図 1 左）、各月における 32 年間の標準
偏差は 12 月に最大値 0.06m/s を示し、7 月には最小値 0.02m/s を示した（図 1 右）。 
	 また、鉛直重み付き平均の上端を変えて計算を行うと、1 月では地上から 50hPa までで平均した場合は 0.16m/s、
一方 1hPa までで平均した場合は 0.13m/s を示した（図 2 左）。これは同じ月の標準偏差（図 1 右）の半分程度で
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図 2	 左：北緯 70°面、 32 年間に関して鉛直重み付き平均の上端を変え、3 重平均した南北風、上からそれぞれ











1979 年に衛星での定常観測が始まって以降、北極域では海氷域減少が顕著である。この結果、Arctic Oscillation 
(AO) と North Atlantic Oscillation (NAO) が負の傾向となり、北半球中緯度の低温化に寄与していることが知ら
れている（Nakamura et al., 2015）。この形成要因の一つには、対流圏からの惑星波上方伝播の強化、成層圏での
波砕（収束）による極渦の弱化、そのシグナルの下方伝播という、成層圏を介した応答が挙げられる。さらに、特




定の詳細は Nakamura et al., 2015）。大気大循環モデル AGCM for the Earth Simulator (AFES, Ohfuchi et al., 
2004)を用い、成層圏全層を再現するためにモデル上端を約 60km としている。北半球海氷域の境界条件のみが一
年を通して異なる 2 つのラン（CNTL：1979-83 平均、NICE：2005-09 平均）をスピンナップの後に 60 年間走ら
せ、近年の海氷域変動に伴う大気循環場の応答に着目するために偏差をとって解析を行った（NICE-CNTL）。 
冬季における応答の季節内進行として、1 月の成層圏中・上層で現れた北極域の高気圧性偏差（図 1a）が時間と




要因を調べるために極向き擾乱熱輸送 V*T*（V：南北風速、T：気温、*：各緯度での東西平均差）を 100hPa 面で
見積もった。その 40ºN 以北での領域平均値において、1 月に顕著な正偏差が見られ、成層圏中・上層での東西一
様な東風偏差の形成と力学的に整合的であった。また、その水平分布としてはBK海域と北太平洋域であり（図2a）、
気候平均場の強化と対応していた。 
そこで、両領域での正偏差形成要因を明らかにするために、Nishii et al. (2009) による手法を用いて V*T*偏差を
以下のように線形的に分解した。 
[V *T *]NICE−CNTL = [Va*Tc*]+ [Vc*Ta*]+ [Va*Ta*]a  
ここで、c は基本場（CNTL）、a は海氷域減少に伴う偏差（NICE-CNTL）、 [ ] は 60 年平均とした。また、右辺
第 3 項（非線形項）は偏差場による熱輸送を、第 1、2 項（線形項）は偏差場と気候平均場による熱輸送を意味す
る。正の V*T*偏差が顕著である BK 海域を 50-90ºE, 50-80ºN、北太平洋域を 140ºE-160ºW, 50-80ºN と定義し、
図 1 数値実験における 1 月の気温偏差（色、K）とジオポテンシャル高度偏差（線、m）の (a) 50hPa、(c) 250hPa の水
平面図と、(c) 60ºN における高度—経度断面図。矢印は Takaya and Nakamura (2001) による定常ロスビー波の活動度フ
ラックス（矢、m2s-2）を示し、(a-b)においてはその水平成分を、(c)においては鉛直-東西成分を示す。 
線形的に分解した各項の寄与率を見積もった。BK 海域に置いては、右辺第一項、第二項、第三項の寄与がそれぞ
れ 59、8、33%であり、北太平洋域ではそれぞれ 23、58、19%であった。つまり、BK 海域では[Va*Tc*]項、北太











	 以上の結果について観測データとの比較も行った。大気へのインパクトの大きい初冬における BK 海域の海氷域
変動に着目し、11、12 月平均した BK 海(15-90ºE, 70-85ºN)で領域平均した海氷密接度の時系列に、続く冬の大気
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図 2 数値実験における 1 月 100hPa 面での (a) 極向き擾乱熱輸送 V*T* (Kms-1) の偏差（線）と気候値（色）、(b) 南北風偏
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北半球冬期気候変動の要因分析のための Hindcast 実験の概要と初期解析結果 
 









我々は Nakamura et al.（2015）において、過去と現在の海氷分布を大気大循環モデル（AFES version 4.1）の境界
条件として与えた感度実験から、北極海の海氷減少が北極振動（Arctic Oscillation: AO）をより負の位相にシフト
させることを示した。このとき海氷減少により励起されるプラネタリー波の増幅が成層圏の極渦を弱め、そのシ
グナルが対流圏へと下方伝搬するメカニズムが重要である事を示した（Nakamura et al., 2016）。一方で、秋のユー
ラシア大陸上の積雪偏差に伴うプラネタリー波の変調が成層圏を経由して冬期 AO の位相に影響する事が指摘され
（Fletcher et al., 2007; Peings et al., 2012）、エルニーニョ南方振動（El Niño-Southern Oscillation: ENSO）に代表され
る熱帯の海面水温（Sea surface temperature: SST）変動も成層圏極渦と続く対流圏へ影響を持つ事が示唆される







を行った。1979-2014 の期間で観測された SST と海氷データ（Hurrell et al., 2008）、オゾン濃度と QBO の位相
（ERA-interim）、全球平均温室効果ガス濃度（WMO）を境界・外部条件として与えた 30 メンバーのシミュレー
ションを基準実験（Control run）とし、海氷のみ 1980-1999 期間平均値を与えた 20 メンバーのシミュレーションを
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Atmospheric response to anomalous sea ice in the Sea of Okhotsk 
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Atmospheric response to sea ice reduction in the Sea of Okhotsk is investigated by conducting two atmospheric general 
circulation model (AGCM) experiments, whose boundary conditions do not have interannual variability, and differ only in sea 
ice over the Sea of Okhotsk between the two experiments. In winter, enhanced surface sensible and latent heat fluxes due to 
the reduction of sea ice moistens and warms surface air just over the Sea of Okhotsk, which results in their suppression just 
downstream over the western North Pacific. The surface air warming over the Sea of Okhotsk makes sea level pressure lower 
there. Around late winter, when the prescribed sea ice reduction is the largest, an anticyclonic height response appears over the 
sea of Okhotsk in the middle and upper troposphere connecting to an anticyclonic anomaly over the Bering Sea in the 
lowermost atmosphere. A linear baroclinic model experiment reveals that those responses in the AGCM can be considered as 
linear response to diabatic heating anomaly due to the enhanced sea surface heat fluxes. The observed response is similar to the 
dominant interannual variability over the western North Pacific both in the AGCM and a reanalysis data set, which suggests 






























Nakamura et al.（2015）は、過去と現在の海氷分布を大気大循環モデル（AFES version 4.1）の境界条件としてそ
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Greenland Ice Sheet Dynamics and Glacial Earthquake Activities 
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The Greenland ice sheet and its response to climate change have potentially a great impact upon mankind, 
both through sea-level rise and modulation of fresh water input to the oceans. Monitoring a dynamic 
response of the Greenland ice sheet to climate change is a fundamental component of long-term 
observations in global science. “Glacial earthquakes” have been observed along the edges of Greenland 
with strong seasonality and increasing frequency in this 21st century by the data from Global Seismographic 
Network (GSN). During the period of 1993-2006, more than 200 glacial earthquakes were detected, but 
more than 95% have occurred on Greenland, with the remaining events in Antarctica. Greenland glacial 
earthquakes are considered to be closely associated with major outlet glaciers at the margins of the 
continental ice sheet. Temporal patterns of these earthquakes indicate a clear seasonal change and a 
significant increase in frequency after 2002. These patterns are positively correlated with seasonal 
hydrologic variations, significantly increased flow speeds, calving-front retreat, and thinning at many outlet 
glaciers. These long-period surface waves generated by glacial earthquakes are incompatible with standard 
earthquake models for tectonic stress release, but the amplitude and phase of the radiated waves can be 
explained by a landslide source model. The seismicity around Greenland including tectonic/volcanic events 
was investigated by applying a statistical model to the globally accumulated data. Calculated b values, the 
Magnitude-frequency-dependence parameter, indicated a slight increase from 0.7 to 0.8 in 1968-2007, 
implying that the seismicity including glacial events around Greenland become slightly higher during the 
last four decades. The detection, enumeration, and characterization of smaller glacial earthquakes were 
limited by the propagation distance to globally distributed stations of the GSN. Glacial earthquakes have 
been observed at stations within Greenland, but the coverage has been very sparse. In order to define the 
fine structure and detailed mechanisms of glacial earthquakes, a broadband, real-time network needs to be 
established throughout the ice sheet and perimeter. The International Polar Year (IPY 2007-2008) was a 
good opportunity to initiate the program with international collaboration. Then, the “Greenland Ice Sheet 
Monitoring Network (GLISN)” was initiated for the purpose of identifying the dynamic response of the 
Greenland ice sheet to climate change. This presentation introduce the summarization of seimic 
investigation regarding statistic seismicity around Greenland, waveform propagation modelling in the ice 







豊国 源知 1、竹中 博士 2、金尾 政紀 3、坪井 誠司 4、東野 陽子 5 






Ambient noise cross-correlation analysis using broadband continuous seismic waveform data from 
the Greenland ice sheet 
 
Genti Toyokuni1, Hiroshi Takenaka2, Masaki Kanao3, Seiji Tsuboi4, and Yoko Tono5 
1RCPEVE, Graduate School of Science, Tohoku University, Sendai, Japan 
2 Graduate School of Natural Science & Technology, Okayama University, Okayama, Japan 
3NIPR, Tokyo, Japan 
4JAMSTEC, Yokohama, Japan 
5MEXT, Tokyo, Japan 
 
The GLISN (GreenLand Ice Sheet monitoring Network) is an international project to seismologically monitor changes in 
the Greenland ice sheet, by deploying a large broadband seismograph network in and around Greenland. This project is 
currently managed through joint collaboration by 11 countries for operating 32 seismic stations, although only four of them are 
on the ice sheet. Japan is a partner country from when the project was launched, and has been sending a field team every year 
since 2011. A joint USA and Japanese GLISN team has ever serviced three stations on ice sheet (station code: ICESG, DY2G, 
and NEEM) and also three stations on bedrock at the coastal area (NUUK, SOEG, and DBG), which indicates a great effort of 
this team among the whole GLISN committee. Especially in 2015, the joint team succeeded in relocating a seismometer at 
ICESG station, by excavation from 5 m depth below the snow surface. 
 
The GLISN broad-band seismic data (20 sps) is available in realtime via the Iridium satellite network. The data is also 
open to the public at the IRIS Data Management Center (http://www.iris.edu/ds/nodes/dmc/). In this work, we detected the 
Rayleigh wave by the ambient noise cross-correlation analysis of the GLISN data, to investigate shallow structure including 
both ice sheet and bedrock in Greenland. 
 
     We used the vertical-component records during Jan. 1, 2015 – Apr. 20, 2015 from four GLISN stations on ice sheet 
(ICESG, DY2G, NEEM, SUMG). Daily cross-correlation functions (CCFs) for all possible pairs of stations are computed by 
the following procedure. First, we divide the continuous records into 600-s-long segments with 450-s overlap. Second, we 
correct the instrument response, eliminate segments with event data or error values, and apply the whitening in frequency 
domain and banalization in time domain. After that we calculate the daily CCFs by stacking CCFs for each segment (e.g., 
Shapiro & Campillo, 2004; Takagi & Okada, 2012). The final CCFs can be obtained by stacking all daily CCFs for the whole 
analysis range. 
 
We found, for example, nearly constant Rayleigh wave group velocity of 2.8 km/s, for the period range of 2-14 s, on the 
CCF of the NEEM-SUMG pair. We also found that the ambient-noise sources are well corresponded to a known source of 
microseisms located at the southern tip of Greenland. 
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解析には 3 つの手法を用いた。まず、人工衛星 （Landsat7、ALOS/PRISM、ASTER、SPOT-5）によって取得され
たデータを地理情報システムソフトウェアによって解析し、2 つの流域境界を決定した（流域 a、b）。各流域の面
積と標高帯分布は ASTER と SPOT-5（The Greenland Ice Mapping Project）に基づく標高データを用いて解析した。
次に、2012 年から 2015 年にかけてグリーンランド北西部に位置するカナック氷帽 （北緯 77˚28’、西経
69˚14’）において、各標高 （243、427、584、739、839、968 m a.s.l.）における表面質量収支を測定した。この
データと、グリーンランド氷床上（標高 1500 m a.s.l.）に設置された自動気象測器（AWS）の気象データから、氷
床上の各標高帯における表面質量収支を求めた。また、カナック氷帽上（950 m a.s.l.）の AWS によって測定され
た積雪深データから、各標高帯の積雪量を求めた。最後に、以上の解析から得られたデータを使って、各流域の
0–1600 m a.s.l.において 2012–2015 年までの年間の表面融解水の年間流出量を導出した。 
解析の結果、流域 a の面積は 1361 km2、流域 b の面積は 728 km2であり、それぞれ標高 1300–1400 m a.s.l.および標
高 1000–1100 m a.s.l.に最大の面積を持つことがわかった。また、現地観測によって得られたカナック氷帽の年間表
面質量収支は、2012–2015 年においてそれぞれ、−0.51、−0.75、−1.44 m w.e. a−1と算出された。また、氷床上標高
1500 m a.s.l.における質量収支は、2012–2015 年の期間でそれぞれ 0.38、0.27、0.14 m w.e. a−1であり、同じ地点で掘
削された積雪コアの解析結果と近い値を示した。次に、年間積雪量は標高 950 m a.s.l.地点において 2012 年から順
に 0.482、0.365、0.295 m w.e.であった。同様に標高 1500 m a.s.l.では 2012 年から 0.396、0.324、0.260 m w.e.であり、
両方の標高における年々変動は同じ傾向を示した。最後に、以上の結果を用いて算出した各標高帯での表面融解
水量は、2012 年から順に、流域 a においては 0.685、0.793、1.248 km3 a−1であり、流域 b では 0.428、0.487、0.799 
km3 a−1であった。 
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Greenland ice sheet is losing mass as a result of increase in surface melting and ice discharge from marine terminating outlet 
glaciers (e.g. Enderlin et al., 2014). This mass loss from the Greenland ice sheet significantly contributes to the recent sea level 
rise. To accurately include the contribution of the marine terminating outlet glaciers to the future projection of the sea level rise, 
mechanisms controlling the glacier dynamics should be better understood. To this end, we analysed Landsat images to measure 
ice front positions and ice speeds of marine terminating outlet glaciers along the coast of the Prudhoe Land, northwestern 
Greenland between 1987 and 2015. The results were utilized to investigate relationships among frontal position, flow speed, 
and air temperature with special attention on seasonal variations. 
All of studied glaciers retreated from the 1980s to 2014 by a distance between 5.34 and 0.23 km. Most of the glaciers began 
retreat around 2000, as demonstrated by the increase in the mean retreat rate from 5 m a−1 in 1980s–1999 to 60 m a−1 in 2000–
2014. A possible driver of the more rapid retreat since 2000 is atmospheric warming because significant increase in the 
summer temperature was observed in the late 1990s. The studied glaciers flowed at a rate between 10 and 1800 m a−1, and 
many of them accelerated in the early 2000s. The magnitude of the acceleration was correlated with the retreat rate as 
represented by rapid retreat and acceleration at Heilprin, Tracy, Farquhar, Bowdoin and Diebitsch Glaciers. Because the 
acceleration was greater near the front, the change in the flow regime enhanced stretching of ice along the glacier and induced 
dynamic thinning. These results suggest that thinning due to flow acceleration was the driver of the rapid retreat. 
In general, studied glaciers advanced from spring to early summer, which was followed by retreat in late summer. Then, the 
front remained at the retreated positions throughout the following fall. Magnitude of seasonal front variations ranged in 50–400 
m. The timing of the retreat agreed with the disappearance of sea ice / ice mélange in front of the terminus. Many of the 
studied glaciers accelerated from spring to mid-summer and then decelerated in late summer. Magnitude of the seasonal 
variations in ice speed was between 80 and 440 m a−1. Because the speed variations were correlated with air temperature, the 
seasonal speedups were probably due to enhanced basal sliding driven by meltwater input to the bed. 
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Glacial meltwater discharge from the Greenland ice sheet and ice caps forms high turbidity water off the Greenland coast. 
Although the timing and magnitude of high turbidity water export affect the marine biological productivity (e.g. Arendt et al., 
2011), little is known about the characteristics of high turbidity water. We therefore report on the spatial and temporal variations 
in high turbidity water off the Thule region in northwestern Greenland (76°–78°N, 65°–75°W; Fig. 1), based on remote sensing 
data analyses. We defined high turbidity area by high remote sensing reflectance at the wavelength of 555 nm (Rrs555 ≥ 0.0070 
sr−1) (e.g. Caballero et al., 2014) and the extent of high turbidity area was determined from 2002 to 2014. The high turbidity area 
was generally distributed near the coast, where many outlet glaciers terminate in the ocean and on land. The extent of high 
turbidity area exhibited substantial seasonal and interannual variability, and temporal variations in high turbidity area was 
correlated with changes in air temperature at Thule Air Base (R > 0.6, p < 0.05). Assuming a linear relationship between the 
high turbidity area and summer temperature, annual maximum extent increases under the influence of increasing glacial 





れている(e.g. Arendt et al., 2011)。しかしながら、氷河融解の影響を
反映した高濁度水の挙動に関する研究事例は少なく、その詳細は明
らかでない。そこで本研究では、グリーンランド氷床北西部 Thule
地域沿岸(76°–78°N, 65°–75°W; Fig. 1)における高濁度海水域の面積変
動を人工衛星データによって解析した。波長 555 nm のリモートセ
ンシング反射率(Rrs555)が 0.0070 sr−1 以上の値を示す地域を高濁度
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Figure 1. Landsat image taken on 6 September 
2014, showing the study area. The coastline is 
indicated by yellow line. The inset shows the 
location of the study area in Greenland. 
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Tidewater glaciers in Greenland are rapidly retreating, and it contributed global sea-level rise during the twentieth century (e.g. 
Kjeldsen et al., 2015). Studies have been carried out to understand the mechanisms of the glacier retreat (e.g. Rignot et al., 
2010). Previous studies suggested the importance of submarine melting, but physical processes relevant to submarine melting 
(e.g. heat source of the melting, water circulation and bathymetry) are not understood well. This is because in-situ observations 
are difficult in front of a glacier where icebergs usually cover the ocean. In addition to this, there is no hydrographical 
observation in front of tidewater glacier in northwestern Greenland. To better understand the ice-ocean interaction, we 
measured ocean temperature, salinity, turbidity, chlorophyll, dissolved oxygen, δ18O, d-excess and bathymetry in front of 
Bowdoin and Sun Glaciers, tidewater glaciers in northwestern Greenland, in 2014 and 2015 summer. We also performed high 
spatial (2560×1920 pixel) and temporal (10 s) time-lapse photography in front of Bowdoin Glacier in 2015 July.  
 Below the depths of 280 m (2014) and 250 m (2015) in the Bowdoin Fjord, we observed Atlantic Water (AW), which 
is believed as the heat source of submarine melting. The mean temperature and salinity within the layer of AW was 1.2°C and 
34.4 g kg−1 in 2014, and 1.1°C and 34.5 g kg−1 in 2015. The results suggested that warm water flows into the Bowdoin Fjord 
from the open ocean. Contrasting to these observations at Bowdoin, AW was missing in front of Sun Glacier and relatively 
fresh and cold water mass was found. It was suggested that relatively shallow bathymetry (~100-m deep) and existence of sill 
(~10-m deep) inhibited entering warm water from the open ocean. Near the surface in the vicinity of plume of Sun Glacier 
(~200 m away from the front), water mass properties were completely different from those in the open ocean. Water was 
highly turbid, fresh and cold, suggesting subglacial discharge of meltwater as the origin of the water. 
 The time-lapse photographs revealed fjord circulation near the ice-ocean interface. It was clear that the circulation 
was driven by buoyant plume, which was generated subglacial discharge and/or submarine melt. In early July, waters emerged 
by buoyant plume was always visible along the surface approximately 5 km from the front, but it was only visible near the 
front in late July. The change from early July to late July may be explained by amount of subglacial discharge and the stability 
of stratification near the ocean surface as reported by recent modelling studies (e.g. Sciascia et al., 2013).  
 Our observations water mass structures and circulation in the fjord in front of the tidewater glaciers in northwestern 
Greenland, which are important properties to calculate submarine melting rate in two different types of tidewater glaciers. 
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Tidewater glaciers in Greenland ice sheet are rapidly retreating by under the influence of changes in ice dynamics (e.g. Nick et 
al., 2009). For example, Bowdoin Glacier began rapid retreat in 2008, which was accompanied by significant acceleration near 
the glacier front (Sugiyama et al., 2015). Submarine melting and ice-mélange weakening are suspected as triggering 
mechanisms of the rapid retreat of tidewater glaciers in the Greenland ice sheet (e.g. Straneo et al., 2013), but details of 
processes at the ice-ocean interface are poorly understood. To better understand these processes, we measured ice-front 
position of Bowdoin Glacier in northwestern Greenland and glacier/ice-mélange movement in front of the glacier. The 
glacier/ice-mélange measurement was performed by processing 3-hourly photographs taken by a time-lapse camera operated 
over two years since July 2013. We also operated a dual-frequency GPS at 3 km from the calving front to measure ice speed 
from May to July in 2014 and 2015. 
 The image analysis revealed clear seasonal variations in the ice-front position with an amplitude of ~200 m. Seasonal 
changes were also observed in ice speed along the center of the glacier (amplitude ~50%). During summer, the ice-front 
position was relatively stable, but retreated occasionally by large calving events. These events occurred near upwelling of 
subglacial discharge, where a large submarine melt rate is expected. The glacier began to advance in September approximately 
when daily mean air temperature dropped below 0°C. The glacier advanced the most in winter when the fjord was covered by 
ice-mélange. After winter, extended portion of the glacier rapidly disintegrated by a few calving events. Such event coincided 
with onset of ice-mélange movement in front of the glacier. This movement occurs when air temperature above 0°C and high 
wind speed were observed, suggesting the calving event was due to decrease in the mechanical support from the ice-mélange. 
 These results indicate both ice-mélange and submarine melting play roles in seasonal advance and retreat of Bowdoin 
Glacier. Moreover, the onset of glacier advance (retreat) coincided with the changes from positive to negative (negative to 
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For cryogenic microseismicity to be used as an indicator of dynamic changes, it must have a clear connection with glacier 
dynamics (including calving, basal sliding, strain, and melt). There is currently much speculation and disagreement about these 
connections, particularly, with respect to the relationship between tide-modulated seismicity and glacier dynamics. Here we 
analyze records from an on-ice seismometer placed 250 m from the calving front of Bowdoin Glacier, Greenland. We find that 
the overall microseismic activity of this glacier is at least an order of magnitude larger than previously reported (more than 
100,000 events within 2 weeks and up to 600 events per hour) and that it is positively correlated with falling tide velocity. 
Using high-resolution surface displacement measurements, we show for the first time that the correlation is relayed through 
strain-rate variations. The strain-rate corresponds with longitudinal stretching of the glacial surface, in response to higher melt 
rates and falling tide, both of which accelerate glacier movement and enhance the stretching flow regime. Previous proposals 
to use icequakes as a proxy for grounding line migration need to be reconsidered because Bowdoin Glacier is grounded, with 
no tide-induced vertical bending of the near-floating tongue, and yet always exhibits microseismic activity due to continuous 
longitudinal stretching. Our results demonstrate a potential of microseismicity to be used for studying detailed response of 
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We conducted glaciological observations in the northwestern Greenland Ice Sheet to elucidate spatiotemporal variations of 
snow accumulation conditions under the projects of GRENE-Arctic and SIGMA (snow impurity and glacial microbe effects on 
abrupt warming in the Arctic) since 2011. Annual mass balance at 1500 m of elevation site (SIGMA-A) decreased since 2000 
suggesting the run off of melt water have occurred since 2000 below 1500 m elevation. Annual mass balance at upstream area 
of Heilprin glacier (SIGMA-D) has not varied since 1660s. We also measured flow velocity around SIGMA-D site and 










ルベドの変化と氷床融解過程の理解に、それぞれ重点を置いた（Sugiyama et al., 2014, 2015; Aoki et al., 2014; 




	 図 1 に観測場所を示す。SIGMA-A（78.052°N, 67.628°W, h=1490m a.s.l）では 2012−14 年に積雪の観測を行った。
2012 年に 19m の雪氷コアを採取した。SIGMA-A2（78.10°N, 64.08°W, h=1800m a.s.l.）では、2013 年に観測を行い、
6.5m の雪氷コアを採取した。これらの雪氷コアは現地で数センチメートル毎に切断して融解させ、日本に持ち帰
って化学分析を行った。SIGMA-D（77.636°N, 59.120°W, h=2100m a.s.l.）では 2014 年に観測を行い、浅層メカニカ
ルドリルで 222.5m のアイスコアを採取した。アイスコアは現地で一部を数センチメートル毎に切断して融解させ、
残りは冷凍で日本に持ち帰ってから処理を行い、化学分析を行った。SIGMA-A、SIGMA-A2 は氷床の尾根上に位




負のピーク間の距離から年間の涵養量を求めた。また、SIGMA-D アイスコアは 1963 年のトリチウムピークを示
準層として年層を確認した。図２に各サイトの雪氷コアから復元された年間質量収支の時間変化を示す。SIGMA-
A のみ 2000 年以降、年間質量収支が減少している傾向が示された。SIGMA−A では、20m 雪温は-20 度であり夏期
の融解水が再凍結するためにも十分低い温度であるが、2011 年、2012 年の夏期にはその年の冬季に堆積した積雪




	 SIGMA-D 雪氷コア 222.5m 中、現時点で 112m まで解析が終了している。112m で 1660 年に相当した。1660 年
から現在までの平均年間質量収支は 0.25m w.eq. yr-1 で、小氷期中期から現在にかけて大きな変動を示さなかった。
つまり涵養域から Heilprin 氷河への氷体の供給量は小氷期から現在にかけて一定であるということが示された。 
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Figure 2. Variations of annual mass balance at 
SIGMA-A, SIGMA-A2 and SIGMA-D sites 
reconstructed with seasonal variations of 
water isotopes. 
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6.4　Snow-pit observations
　　On 14 May, we conducted snow-pit observations 
down to a depth of 1.25 m.　The observation variables 
were snow temperature, stratigraphy, and density (Fig. 5).　
Snow samples for chemical analysis were collected at 
3-cm depth intervals using stainless-steel tools, and each 
sample was placed in a separate polyethylene bag.　Sam-
ples for major ion and stable isotope analyses were melt-
ed in a water bath and decanted into pre-cleaned polypro-
pylene bottles.　Samples for heavy metals were collected 
at roughly 3- to 4-cm intervals using the same stainless-
steel tools and then packed individually in new polyeth-
ylene bags.
　　On 21 May, we dug another snow pit to a depth of 
2.5 m for NIR photometry analysis.　After digging the 
snow pit, we smoothed the surface of the walls as much 
as possible with a single-edged snow saw and then 
covered the snow pit roof with translucent cloth (polyvi-
nyl chloride, 1.5 mm thickness) to supply homogeneous 
diﬀuse illumination conditions under solar radiation.　The 
observation system employed for NIR photometry was 
the same as that used for the ice core described in Sec-
tion 6.3.　For calibration of NIR reﬂectance, eight sets of 
the same three Spectralon grayscale standards used in 
the procedure with the ice core were placed on a rectan-
gular metal frame in the observation zone of the snow-pit 
wall.　The remainder of the procedure for the NIR pho-
tometry measurements was identical to that for the ice 
core.
6.5　Ice-velocity measurements
　　On 6 May, we installed an aluminum pole at the ob-
servation site and mounted the antenna of a dual-
frequency GPS receiver (GNSS Technologies Inc., GEM-1).　
GPS satellite signals were recorded by the receiver every 
1s from 6 to 26 May.　The GPS data were post-processed 
with the static precise point positioning (PPP) method us-
ing an on-line software application (CSRS-PPP: http://we-
bapp.geod.nrcan.gc.ca/geod/tools-outils/ppp.php) main-
tained by Natural Resources Canada.　The horizontal ve-
locity during the survey period was calculated as 2.59±
0.13 m a－1 (Fig. 6).　
　　We also installed four additional poles at approxi-
mately 2 km north, south, east, and west from the obser-
vation site (Fig. 6).　We used the same device to record 
GPS satellite signals for ～40 min on 11 and 26 May.　The 
GPS data were post processed in static mode with data 
recorded at the drilling site as the reference station.　
The calculated velocities at the measurement sites are 
shown in Fig. 6.
6.6　Surface elevation
　　The ice sheet surface elevation was surveyed in the 
vicinity of the observation site by walking with a GPS re-
ceiver mounted on a sledge.　We used the same GPS de-
vice and the reference station data to post-process the 
GPS data in kinematic mode.　The surface elevation con-
tours based on these measurements are shown in Fig. 6.
6.7　AWS installation
　　An automated weather station (AWS) was installed 
near the drilling site on 10 May (Fig. 7).　The AWS mea-
sures the meteorological and snow parameters shown in 
Table 3.　The new installation proceeded without com-
plications, and everything is operating normally.　The 
electrical power is supplied from cyclone batteries in the 
snow, which are charged by solar panels.　For all instru-
ments, 1-min sampling and 10-min averaged data are 
Fig. 5.　Vertical proﬁles of snow density (a) and snow tempera-
ture (b), and snow stratigraphy in snow pit (c) on 14 May 
at SIGMA-D site. Broken lines in the ﬁgure (c) indicates 
boundaries of snow layers. An arrow in the ﬁgure (c) indi-
cates the snow type in a thin layer at 0.68-0.69 m depth.
Fig. 6.　Surface elevation measured by this study at contour 
intervals of 1 m, and locations of the flow velocity mea-
surements (solid circles) and horizontal velocity vectors 
(arrows). Coordinates are in UTM zone 20N (km).
 
Figure 3. Surface elevation measured by this study at contour intervals of 1 m, and 
locations of the flow velocity measurements (solid circles) and horizontal velocity 
vectors (arrows). Coordinates are in UTM zone 20N (km). 
  
グリーンランド北西部における近年の氷質量損失 
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るが（Enderlin et al., 2014）、アクセスの悪いグリーンランド北部は概して観測データが不足している。このよう
な背景を受けて GRENE 雪氷課題では、グリーンランド北西部カナック周辺に焦点をあて（図 1）、氷床、氷帽、
カービング氷河の質量変化の定量化を目的として、現地観測と人工衛星データ解析に取り組んだ。近年急速な後
退と流動加速が起きたボードイン氷河では（図 2）、その急激な変動の原因を明らかにするために、氷河末端部と
フィヨルドでの集中観測を実施した（Sugiiyama et al., 2015）。また氷厚現象と氷の暗色化が進むカナック氷帽では、




The Greenland ice sheet and peripheral ice caps are rapidly losing ice mass (e.g. Khan and others, 2015). The mass loss is 
driven by two key processes, melt increase due to warming climate and accelerated ice discharge from tidewater glaciers. 
Overview of the mass change is relatively well understood by satellite remote sensing, but more detailed investigations are 
necessary to understand spatial and temporal variations, and mechanism of the ice loss. Recently, mass loss is increasing 
particularly in northwestern Greenland (e.g. Enderlin and others, 2014). Despite its importance, in-situ data are sparse in the 
northern area of Greenland. To quantify current ice mass loss in northwestern Greenland and predict its future, we studied ice 
caps and calving glaciers in the Qaanaaq region (Figure 1), as a part of GRENE Arctic Climate Change Research Project. Field 
and satellite observations were performed to quantify the ice mass loss of the ice sheet, outlet glaciers and ice caps. We also 
studied detailed processes occurring near the front of outlet glaciers to better understand ice-ocean interaction. These studies 
include mass balance monitoring on Qaanaaq Ice Cap since 2012, integrated field observations near the front of Bowdoin 
Glacier since 2013 (Figure 2), and ocean measurements in fjord in the region. In this contribution, we present the results of the 
GRENE Greenland project, and introduce the overview of the next project planned under the framework of ArCS (Arctic 
Challenge for Sustainability Project). 
  
 
図 1. 観測地カナック周辺の人工衛星写真。左上にグリーンランドにおける観測地の位置を示す。 
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 調査を行った北極圏氷河の裸氷域表面には，1.0 – 150 g m-2 の暗色の固形不純物が堆積していた（Takeuchi et al., 






に影響する構成物は，東シベリアの氷河では，暗赤色の色素をもった雪氷藻類 Ancylonema nordensholdii であるこ










融解速度には負の有意な相関があることが明らかになった．不純物のない氷河表面の PDDF は，3.00 mm w.e.-1 day-
1 なのに対し，不純物を含む氷河表面では，最大 8.55 mm w.e.-1 day-1 となった．このことは，不純物によって融解
速度は最大 2.6 倍（平均 1.8 倍）に加速されていることを示している． 
	 以上の結果から，温暖化に伴って増えた氷体内からの鉱物粒子およびそれに伴って繁殖した糸状のシアノバク
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本研究では，2014 年の 6 月上旬から 8 月上旬にかけてグリーンランド北西部のカナック氷帽 (N 77°, E 69°) 
の積雪で観測を行った．対象サイトは積雪上に赤雪現象が確認された 2 地点 (Site-A 550m a.s.l, Site-B 950m a.s.l) 




めに，気象および積雪物理観測を行った．気象観測では，Site-A, B と同地点にある自動気象測器を用いて 1 時間
ごとに気温と日射を測定した．積雪物理観測では，サンプル採取時に Site-A, B で粒径，密度，含水率などを主に
測定した． 




測終了まで指数関数的に増加し，その細胞濃度は 6 月下旬から 8 月にかけて 1 万倍以上の増加を示した．細胞濃
度の最大値は，Site-A の 8/2 で 3.5×107 cells m-2，Site-B の 8/3 で 3.0×106 cells m-2となり，標高の低いサイトで大
きくなった．観測で求めた藻類の時間変化を，ロジスティック方程式 (e.g. Qiwu and Lawson, 1982) を用いてモデ
ル化した．このモデルのパラメータである雪氷藻類の繁殖開始時の細胞濃度（初期細胞濃度）と増加率を，観測
結果の線形回帰分析から求めた．Site-A と B の初期細胞濃度と増加率はそれぞれ，695 cells m-2 と 0.42 day-1, 13 
cells m-2と 0.38 day-1となった．初期細胞濃度がサイト間で異なったのは，繁殖前に大気から雪面に供給される藻類
の胞子量の違いのためと考えられる．同じく大気から供給される積雪表面の鉱物粒子の重量にも，同様な有意な
差があったことは，そのことを支持している．増加率もサイト間で違いがあったが，雪氷藻類が氷点以下では繁
殖しないことを考慮して増加率を再計算したところ，0.42 – 0.45 day-1の範囲で互いに近い値となった．日射，融解
水の温度，pH といった藻類の他の周辺環境は，増加率とは全く関係がみられなかったことから，これらの条件は
増加率に影響しないと考えられる．モデル計算値と観測結果を比較したところ，決定係数 R は，Site-A, B でそれ
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類群集を変化させている可能性もある。本研究ではグリーンランドと東シベリアの氷河を 2012 年から 2014 年の
3年間にわたって観測し、北極圏氷河の雪氷藻類群集の経年変動を明らかにした。 
 東シベリアのスンタルハヤタの氷河の藻類バイオマスは，融解期の気温に対応して有意に経年変動することが
明らかになった。調査年中で最も気温が高かった 2012年の藻類バイオマス（1.91 ml m-2）は、最も気温が低かっ
た年の値（0.17 ml m-2）の約 10倍であった。同様の結果はグリーンランド北西部のカナック氷河でも観察され、
最も気温が高かった 2012 年のバイオマスが 0.35 ml m-2であったのに対し、最も気温が低かった 2013 年のバイ
オマスは 0.40×10-2 ml m-2、2014年のバイオマスはその中間値となる 0.02 ml m-2であった。以上のことから、
北極圏氷河の藻類群集バイオマスは、各年の融解期の気温に対応して大きく経年変動するという特徴があること
が示唆された。このような経年変動の原因は、両氷河に共通する優占種である Ancylonema nordenskioldii の生態に
あると考えられた。2012 年スンタルハヤタ地域での観測結果から、この種の緑藻は年毎の環境条件の影響下で繁
殖を繰り返していると考えられる。どちらの地域でも 2012 年は夏季の平均気温が 0℃を上回る日数が他の年より
も多く、これは藻類の繁殖期間が長くなることを意味する。また、先行研究によって、気温が高い年の北極圏氷
河では、クリオコナイトホールの崩壊頻度が増加して氷河表面に雪氷藻類が拡散する機会が多くなる（McIntyre, 
1984）ことや、氷の融解によって供給される栄養塩量が増加する（Hawkings et. al., 2015）ことが明らかになっ
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This paper will present the consideration on the long-term glacier variation of No. 31 Glacier in 
the Suntar-Khayata Mountain Range in East Siberia, based on new data from the GRENE Project 
(2011-15). By referring to the several past studies in this region, the glacier variation will be up-dated and 
also their cause will be discussed. The difference of glacier variation with other Arctic Region will also 
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1957/58 の IGY 期に旧ソ連による越冬観測が行わ
れ 、 氷 河 観 測 が 集 中 的 に 実 施 さ れ た
（Koreisha,1963）。その時期から半世紀を経た














 この目的を達成するため、2011 年の予察後、2012 年～2014 年の 3 か年にわたって現地にて滞在観測を実施した。
IGY 当 時 と 同 様 、 主 な 観 測 対 象 は No.31 氷 河 （ 末 端 : 





続観測を行った。氷河上流域の No.31-2 ステーク（2446m a.s.l.）付
近に設置した AWS 観測結果を図 2 に示す。 
（１） 気温 
 2012/13 シーズンの平均気温は、2446m a.s.l.地点で-13.6℃、同最
低気温は-46.0℃を記録した。近郊の Oymyakon で観測されたデー
タと比べると、10 月~5 月の気温は 10℃程度高いことがわかった。 
（２） 積雪深の推移 
 氷河上に設置した 2 台のインターバルカメラに記録された
2012/13 シーズンの画像から積雪深の推移を算出した。積雪は冬の
初めと終わりの時期に集中し、最大積雪深はいずれも 2013 年 5 月
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図 1 調査エリア（東シベリア・スンタルハヤタ氷河）
図 2 AWS 観測結果（2012/13、2446m a.s.l.）
 東シベリア・ヤクーツクとアラスカ・PFRRにおける降雪観測 
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In association with global warming, the moisture circulation in cryosphere will change. In particular, the change in snow cover 
extent and snow cover period will drive so-called the ice-albedo feedback process. When we intend to understand the feedback 
process and the evolution of climatic system in the real cryosphere and to study the trajectory of the polar climate system 
toward the future, precipitation is one of the key valuables to be measured. However, in spite of the development in accurate 
measurement for air temperature, pressure, wind speed and direction, the accuracy of precipitation measurement, especially 
that of snowfall, is not sufficiently high. The measurement by gauge, currently generally deployed at observatories of the 
world, frequently captures only a portion less than 50% of the true amount of snowfall. The loss in measurement will be 
amplified in the polar region because of the lower-temperature condition. Consequently, we have to apply some corrections for 
current snowfall data set, and, nevertheless, it is not necessarily sufficient to use for detecting precipitation events, validation 
of numerical model, etc. The purpose of this activity is to measure snowfall amount in the Arctic region more accurately to 
study precipitation mechanism and climatic change, and to validate numerical models. During the GRENE project, we have 
started with the field measurements by disdrometer (LPM manufactured by Thies) at Yakutsk in East Siberia and at Poker Flat 
Research Range in Alaska. This presentation will show the time series of the snowfall amount and intensity, and the 















	 	 定点観測による北方林の着雪氷が大気に及ぼす影響  
 





























図 2	 シベリア・SpasskayaPad（IBPC 観測サイト）における森林への着氷着雪の頻度。TSGS：森林着雪氷あり積雪あり、
TNGS：森林着雪氷なし積雪あり、TNGN：森林着雪氷なし積雪なし、ND：観測データなし。	
  
Figure 1. 観測地域と観測ルート 
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Airborne passive microwave observation of snow covered area in Alaska   
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 This study reports the air-borne microwave observation over Alaska and ground measurement at Fairbanks and Poker Flat 
research range, and satellite observations. Ice-Albedo feedback system is the main mechanism of Arctic rapid warming. Spring 
is the timing of activating this system as snow and sun shine both exist in the Arctic. Climate model has uncertainty in the 
snow melting season. For the terrestrial ecosystem studies, end of snow cover and melt water supply are important conditions. 
Therefore, snow melting is important information on climate studies. There are many research works of snow survey; however 
the observation coverage is not enough in the Arctic to describe spatial patterns and temporal changes. Satellite remote sensing 
is available for obtaining snow cover information at the continental scale. At the end before the snow disappears. Diurnal 
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  Snow and ice in the Arctic contain various atmospheric aerosols, such as soot and mineral dust. These light-absorbing 
impurities can reduce surface albedo and affect melting of seasonal snow cover and glaciers. Thus, it is important to 
understand how these impurities were supplied to snow deposited in the Arctic.   
  Stable isotopic ratios of strontium (Sr) and neodymium (Nd) provide a means of identifying sources of substances and have 
been commonly used in loess or sediment studies1. In this study, we analyzed Sr and Nd isotopic ratio of the mineral dust 
collected from snow in several Arctic regions (Siberia, Mongol, Alaska, and Greenland). 
  The Sr and Nd isotopic ratios of mineral dust in Arctic snow showed geographical variations among the sampling sites. The 
dust collected from snow in Mongol showed higher Sr and lower Nd values, while those in Greenland showed higher Sr and 
lower Nd values. This suggests that origins of mineral dust in snow are substantially different among the regions. Compared 
with the isotopic ratios of loess, desert sand, soil, and moraine reported over the regions, those of the dust from Mongolia and 
Greenland were close to those of respective regions. This result indicates that mineral dust in snow from the two sampling sites 
were mainly derived from surrounding regions. On the other hand, the isotopic ratios of dust in Alaskan snow were close to 
those of deserts in Kazakhstan and Taklamakan Desert, suggesting that the mineral dust was transported from such distant 





  量が少なくても分析が可能な Sr-Nd 同位体比は，積雪中に含まれるダストの分析に応用可能な供給源特定法の１
つである．しかしながら，このような同位体比を使った積雪中のダストの供給源に関する研究が北極域の雪氷圏
で行われた例はまだほとんどない．そこで本研究では，北極域広域におけるダストの供給減を明らかにすること
を目的とし，2012 年から 2014 年にシベリア，モンゴル，アラスカ，およびグリーンランドにおいて採取された積
雪中ダストの Sr-Nd 同位体比を測定した．得られた結果を，各地域で報告されている砂漠の砂やレスなどの堆積物
の値と比較し，各地域の積雪中に堆積している鉱物ダストの供給源の解釈を試みた． 
  分析の結果，鉱物ダストの同位体比は各積雪域で大きく異なる値を示した．モンゴルのダストは Sr が低くて Nd
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の変動について報告する．アラスカにおいて同一手法で系統的に北緯 60°から 70°で BC，IP の濃度を測定した
例はない．  
積雪試料の採取は 2012年から 2015年の 2月下旬-3月中旬に，アラスカの広域 22 地点で行った (Fig.1)．この時
期は前年の降り始めからの雪がもっとも積もる時期であり，一冬分のエアロゾルの堆積量を把握することが可能
である．積雪試料は積雪全層，表面 0－2cm，表面 2－10cm の 3 つを，それぞれパウダーフリーのポリ袋に集めた． 
本研究では BCの分析に，レーザー誘起白熱法を測定原理とする SP2 (Single Particle Soot Photometer; Droplet 
Measurement Technologies) を用いた．この方法は選択的に BC粒子を検出するため，鉱物性ダストなど他の光吸収
性エアロゾルの影響を受けない．また個々の BC粒子を測定するため，BCの粒径分布を把握することができ，輸
送過程中での変質や起源の推定に役立つ．この方法により先行研究よりも高精度の BC 濃度データを得た．また IP
の分析には Coulter Counter Mutisizer4 (Beckman Coulter Inc., USA)を用いた． 
 アラスカの BC 濃度は緯度によって地域差があり，観測領域を緯度
方向に南部（61.82-63.27°N），中部（63.57-65.9°N），北部（66.56-
68.62°N），Prudhoe Bay (70.19°N )， Barrow（71.32°N）の 5 つに分け
た．このうちフェアバンクスを含む中部地域では BC 濃度が他の地域





を選別し，平均 BC 濃度を求めた．領域代表性のある平均 BC 濃度の
年々変動は比較的小さく，異なった測定手法を用いた先行研究と比べ
て低濃度であった． 
BC 濃度と水等量(SWE)から求めた一冬分の BC堆積量は， BC濃度
と同様に中部が最も多く，南部では少なかった． 
 全層の IP 質量濃度は，99-6003 µg L-1で，BC質量濃度の数百倍であっ





References Bond et al. (2013): J. Geophys. Res., Atmos., 118, 5380-5552 
Figure 1 Map of snow sampling sites in 
Alaska. Dotted frames show three regions 
districted from results of BC. 
 
 Surface mass balance of Arctic glaciers: past and future trends 
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Glaciers and ice caps, one of the main components of the Arctic cryosphere, cover an area of 439 617 km2 (about half of the 
world’s glaciers and ice caps; Figure 1). These glaciers and ice caps are a major contributor to the eustatic component of global 
sea level rise, and have impacts on water supplies, water quality, hydroelectric power generation, flood hazards, and ocean 
circulation patterns. Note that most of the current mass loss from the Arctic glaciers is probably attributable to a change in the 
surface mass balance. These mass losses are expected to increase in the future, as these glaciers are located in the region of 
highest predicted air temperature increase during the coming decades. Hence, for better understanding what past and future 
fluctuations of glacier behavior imply for their atmospheric forcing on multi-decadal scale and impact on sea level rise, there is 
an urgent need for the assessment of past and future glacier mass balance in the Arctic region. In this study, we attempt to 
estimate the past and future variations in glacier mass balance using daily near-surface air temperature and precipitation 
from12 Global Climate Models in combination with a surface mass balance model. Then, the study attempts to analyze the 
response of Arctic glaciers to climate change, the role of these glaciers in the Arctic climate system, and the contribution of 
glaciers to global sea level rise. Through such work, we can well understand the Arctic glacier behavior and the role of these 
glaciers in the Arctic climate system, and fill the major knowledge gaps in quantifying rates of glacier wastage, future trends 
and its impacts. 
 
                    













Figure 1 Map of Arctic glaciers and ice caps. 
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Application of a distributed surface mass balance model to ice caps in northwestern Greenland 
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Ice caps and glaciers (GICs) existing along the coastal margin of Greenland are losing ice under the influence of recent 
atmospheric warming, resulting in significant contribution to sea level rise. Northwestern Greenland is one of the areas that 
experienced large amount of ice mass loss over the last decades. The surface ice loss has been accelerated in recent years 
(Khan et al., 2010). Bolch el al., (2013) estimated with satellite images of ICESat that surface mass balance of the coastal GICs 
in northwestern Greenland was - 0.60 m a-1 and that of all coastal GICs was – 0.45 m a-1 from 2003 to 2008. Saito et al., 
(submitted) examined the surface level change of some ice caps in northwestern Greenland more precisely with satellite 
images by ALOS (Advanced Land Observing Satellite) PRISM and found that the surface change of some ice caps in 
northwestern Greenland was – 1.1 m a-1. We have estimated annual mass balance of some ice caps in northwestern Greenland. 
 
Study site 
The studied area is near Qaanaaq (77°28’N, 69°13’W). The studied five ice caps are the Qaanaaq Ice Cap (QIC), the Hurlbut 
Ice Cap (HIC), the Five Glacier Dal Ice Cap (FGDIC), the Kiatak Ice Cap (KIC) and Steensby Land Ice Cap (SLIC) in 
northwestern Greenland. The Equilibrium line altitude (ELA) of QIC was 819 - 864 m a.s.l. in 2012 - 2014 (Maruyama, 2015).  
Thule climate station (77.2N, 68.4W, hereafter TCS), which is one of the long-term running climate stations in Greenland, 
situates about 100 km south to Qaanaaq. It is near the Qaanaaq air base and at the altitude of 59 m a.s.l.. The weather station, 
called sigma-b, was installed on QIC in 2012 (Aoki et al., 2014). The stakes observation was conducted on the outlet glacier of 
QIC during 2012 - 2015 (Sugiyama et al., 2014; Maruyama, 2015).  
 
Climate of the region 
Air temperature at TCS has been increasing gradually. The increasing rate of air temperature, obtained from linear 
approximation, is + 0.08 °C a-1 from 1980 to 2014. Mean air temperature at TCS during 1980 – 2014 was -10.7 °C. Air 
temperature lapse rate between TCS and sigma-b was – 4.8 and – 4.9 °C Km-1 for summer 2012 and 2013, respectively. 
Annual precipitation does not show a wide change since 1980. July and August are months of high precipitation revealed by 
the monthly precipitation from 2000 to 2014 at TCS. The mean annual precipitation at TCS during 1982 – 2014 was 163.7 mm 
a-1.  
 
Mass balance model 
The mass balance was calculated with the mass balance model of Distributed Enhanced Temperature-Index Model (DeTIM) 
(Hock, 1999). The model is able to compute spatial variations of surface mass balance for the ice caps. We used a 500 m 
gridded digital elevation model and surface condition of snow or ice of the ice caps derived from Advanced Land Observing 
Satellite (ALOS) PRISM data (Saito et al., submitted). Air temperature with lapse rate and precipitation at TCS were used as 
input of the model. The model was tuned with in-situ stakes data obtained on the Qaanaaq ice cap in 2012–2015. 
 
Result and discussion 
Annual mass balance of QIC was consistently negative from 2000 to 2015. The mass balance for the whole area agreed with 
the satellite data (Saito et al., submitted) for QIC, FGDIC and HIC. However, the model calculation overestimated the satellite 
data for KIC and SLIC. The surface of KIC and SLIC are covered with fresh snow. Therefore, the surface albedo of KIC and 
SLIC are higher than other ice caps (Saito et al., submitted). Since KIC and SLIC exist near the coast, KIC and SLIC are 
probably under maritime climate more than QIC, FGDIC and HIC. 
 
Conclusion 
The mass balance of ice caps in northwestern Greenland was estimated with a mass balance model. The tuning factors for 
ablation require higher value than typical value, which shows that the ice cap experienced high ablation recently. The result of 
  
the calculation shows similar spatial variation to the observed data with stakes. On the other hand, the model results show large 
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The Greenland ice sheet is losing mass at a rate increasing over the last decades. In this mass loss a predominant role is played 
by surface melt and ice discharge from accelerating marine-terminating outlet glaciers. It is thus essential to better understand 
the dynamics of these outlet glaciers. Located 30 km northeast of Qaanaaq in northwestern Greenland, Bowdoin Glacier (77º41'N, 
68º35'W) is a fjord-terminating glacier which was intensively surveyed in the GRENE field campaigns in summer 2013, 2014 
and 2015. Complementary to this work, we used the three-dimensional, full Stokes model Elmer/Ice (Gagliardini and others, 
2013; elmerice.elmerfem.org) to investigate the flow dynamics of Bowdoin Glacier. Bowdoin Glacier was relatively stable for 
more than 20 years before 2008. Since then it has been retreating rapidly and its speed has fluctuated frequently. Using the 
available observational data, we modeled the glacier flow and investigated its sensitivity to external forcing. We applied a control 
inverse method to infer the present-day spatial distribution of the basal friction coefficient from the measured surface velocities 
(Sugiyama and others, 2015). We performed sensitivity experiments by applying basal perturbations, i.e., increased basal 
lubrication, and by changing the sea level at the glacier front. Glacier ice flow was sensitive to moderate basal perturbations 
(10% decrease in the basal friction coefficient). This suggests that ice flow is affected by rapid short-term variations in air 
temperature and precipitation. More interestingly, glacier ice flow near the glacier front varies significantly with sea tides. Flow 
accelerates with falling tides and slows with rising tides. Investigation of the stress regime driving ice deformation revealed a 
complex combination of lateral shearing that supports the glacier and longitudinal stress (glacier ice extension) that interacts 
with the hydrostatic pressure acting on the calving front. We therefore demonstrated that the dynamics of Bowdoin Glacier is 
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One of the major uncertainties in the numerical simulation of ice-sheets is the way to describe the basal sliding because of 
difficulty in its observation.  Recently more and more modeling studies use a technique to adjust the coefficients of their basal 
sliding parameterization to obtain particular data fields, such as geometry and/or surface velocity, which are acceptably close 
to the observation.  Although there may be a certain limit of its application, such methods to optimize the present-day 
simulation will be more an important technique, especially for a short-term (century-scale) future projection of the Greenland 
ice sheet. 
There have been several techniques to `inverse' the basal sliding coefficients field.  Pollard and DeConto (2012) present a 
general and simple method to deduce spatial distribution of basal sliding coefficients to reduce the errors in simulated surface 
topography that can be applied to any type of ice sheet model.  In this method, the model is run forward in time, and the basal 
sliding coefficient at each grid point is periodically adjusted depending on the amount of error in the ice surface elevation 
compared to the observation. 
This study revisits the future surface-climate experiments of Greenland ice sheet proposed by the SeaRISE (Bindschadler et al, 
2013).  Series of the sensitivity experiments are reexamined using an ice-sheet model IcIES with replacing the spatially 
uniform basal sliding coefficients to a field obtained by the optimization following Pollard and DeConto (2012).  Results will 
be presented in comparison to the impact on the simulation due to other uncertainties such as initialization methods, surface 
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Impacts of future climate change on the carbon budget of northern  
high-latitude terrestrial ecosystems: an analysis using ISI-MIP data 
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This study assesses future changes in the carbon budgets of northern terrestrial ecosystems (above 60°N) using data from the 
Inter-Sectoral Impact Model Intercomparison Project (ISI-MIP). By analyzing simulations from seven biome models driven by 
five climate scenarios under two representative concentration pathways (RCP2.6 and RCP8.5), the range of responses and their 
uncertainty in the 21st century was evaluated. The biome models consistently simulated a gradual increase in vegetation 
productivity driven by an elevated atmospheric CO2 concentration and a longer growing period. By the 2090s, most 
simulations showed average net carbon uptake into the northern terrestrial ecosystems of +27 Pg C for RCP2.6 and +48 Pg C 
for RCP8.5. These estimates showed a wide range of variability among simulations, especially for soil carbon stocks. Even 
under low greenhouse gas concentrations (RCP2.6), most simulations indicated that vegetation productivity and biomass 
would change by more than 10%, implying that it will be difficult to completely prevent climatic impacts in northern regions. 
Simulated spatial patterns and seasonality in the carbon budget can be used to identify sensitive areas and seasons, allowing for 
improved monitoring. Further research combining observations and modeling will be required to reduce estimation uncertainty 
and devise ecosystem management options. 
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We develop and test an iterative inversion framework that is designed for estimating surface CO2 fluxes at 
a high spatial resolution using a Lagrangian-Eulerian coupled tracer transport model and atmospheric CO2 
data collected by the global in-situ network and satellite observations. In our inverse modeling system, we 
employ the Lagrangian particle dispersion model FLEXPART that was coupled to the Eulerian atmospheric 
tracer transport model (NIES-TM). We also derived an adjoint of the coupled model. Weekly corrections to 
prior fluxes are calculated at a spatial resolution of the FLEXPART-simulated surface flux responses (0.1 
degree). To obtain a best fit to the observations we tested a set of optimization algorithms, including quasi-
Newtonian algorithms and implicitly restarted Lanczos method. The square root of covariance matrix for 
surface fluxes is implemented as implicit diffusion operator, while the adjoint of it is derived using 
automatic code differentiation tool. The prior flux uncertainty for terrestrial biosphere is scaled 
proportionally to monthly mean GPP by MODIS product MOD17. The model was applied to assimilating 
one year of Obspack data, and produced satisfactory flux correction results. Regional version of the model 
was applied to inverse model analysis of the CO2 flux distribution in West Siberia using continuous CO2 
observation data by tower observation network JR-Station. 
  
Simulation of CO2 and CH4 in the subarctic using coupled Eulerian-Lagrangian model 
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The subarctic is a region in the Northern Hemisphere south of the Arctic and covering much of Alaska, Canada, Iceland, the 
north of Scandinavia, Siberia, and the Shetland Islands. Generally, subarctic regions fall between 50°N and 70°N latitude, 
depending on local climates. The subarctic regions contain large amounts of plant biomass and soil organic carbon, so these 
regions are the largest carbon reservoirs in the world with a substantial source and sink of CO2 and CH4. The magnitude and 
distribution of CO2 and CH4 fluxes are still uncertain, so accurate estimation of carbon fluxes and study of CO2 and CH4 
seasonal cycles in the subarctic regions are essential.  
In this work, we use forward simulation employing the Global Eulerian–Lagrangian Coupled Atmospheric (GELCA; Ganshin 
et al. 2012) model in order to estimate CO2 and CH4 seasonal cycles in the subarctic. GELCA consists of an Eulerian National 
Institute for Environmental Studies global Transport Model (NIES-TM; Belikov et al., 2011) and a Lagrangian particle 
dispersion model (FLEXPART; Stohl et al., 2005). This approach utilizes the accurate transport of the Lagrangian model to 
calculate the signal near to the receptors, and efficient calculation of background concentrations using the Eulerian global 
transport model.  
We setup a long simulation period to obtain a better understanding of the role of emissions (using a set of CO2 and CH4 
emissions scenarios), and transport model characteristics, such as the stratosphere/troposphere exchange and tracers 
concentration variations in the troposphere. We also analyzed modeled and observed long and short-term trend, seasonal cycle 
of CO2 and CH4. 
Model results were compared with observations from the World Data Centre for Greenhouse Gases (WDCGG 2015) and the 
Siberian observations obtained by the Center for Global Environmental Research (CGER) of the National Institute for 
Environmental Studies (NIES) and the Russian Academy of Science (RAS), from six tower sites (JR-STATION) as described 
by Sasakawa et al. (2010). 
The analyses have shown that CELGA is effective in capturing the seasonal variability of atmospheric tracer at observation 
sites strongly influenced by local emissions and global transport at the same time.  
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Concentrations of greenhouse gases in the upper troposphere are influenced by surface fluxes, vertical mixing in the 
troposphere, stratosphere-troposphere exchange (STE) and their chemical losses. This study presents an analysis of the 
measurements of Carbon dioxide (CO2), Methane (CH4), Nitrous Oxide (N2O) and Sulfur hexafluoride (SF6) from CONTRAIL 
aircraft observations over western pacific and northern Eurasia regions in the upper troposphere for the period during 2012-
2014 compared with the simulations by JAMSTEC’s atmospheric chemistry-transport model (ACTM). Air sample collections 
onboard the Japan Airlines (JAL) aircrafts have been carried out using the Automatic air Sampling Equipment (ASE) 
(Machida et al., 2008; Matsueda et al., 2008) and the Manual air Sampling Equipment (MSE).  In this study we used observed 
results from the flights between Narita (NRT), Japan to Sydney (SYD) and between Paris (France) and Haneda (Japan), and 
only from February and May in 2013 between Moscow (Russia) and Narita (Japan).  We used the ACTM for forward 
simulations is run with horizontal resolution of T42  (~2.8 x 2.8o), 67 sigma-pressure vertical levels for CO2, CH4, N2O and 
SF6 (Patra et al., 2011; Patra et al, 2016, Ishijima et al., 2010; Patra et al., 2009).  
    Figures 1 shows the latitudinal annual averages calculated at latitude of 6o bin for the period 2012-2014.  It is clear that the 
higher values of concentrations of these gases were observed in the northern hemisphere as compared to the southern 
hemisphere, which are well reproduced by the global model simulations.  But there are some model-observation mismatches 
observed in the extra tropics in both hemispheres. These are likely to be due to the stratosphere–troposphere exchange or 
north-south emission balance of these gases in the model. Lower concentrations are observed for all species around 30oN, 
which the model overestimates slightly due to uncertainties in transport around the tropopause modelled by ACTM.  
 
 
Figure 1:  Latitudinal distributions of annual average of the concentrations of greenhouse gases over CONTRAIL aircraft observations along 
with the model comparisons for the period 2012-2014. Blue lines shows observations and red represents ACTM model  
 
    The north-south gradient (mean of values north of 20oN – mean of values south of 20oS) of CO2 is 1.3ppm in observations 
and ~1pm in model, for CH4 that is 30 and 45 ppb, respectively, for observations and model, gradient for N2O are 0.6ppb and 
1ppb, respectively, and SF6, gradients are 0.17ppt for both the model and observation. In order to understand the relationship 
between model and observations correlation coefficients are calculated at each latitude bin having the higher correlations for 
CO2 and SF6 with nearly ~0.9, and for N2O it is nearly ~0.8 where as in the case of CH4 correlation at each latitude band is 
variable with minimum correlations among all the species with nearly ~0.6.  The analysis of greenhouse gases over northern 
mid-latitudes observed the higher mixing ratios along with the higher variabilities in all the species. The model reproduces the 
observed variations relatively well, especially for the timing of the high and lower values of the mixing ratios but sometimes 
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Analysis of atmospheric methane from Siberian tower observation using chemistry transport model 
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Atmospheric methane (CH4) is a strong greenhouse gas and short-lived climate forcer (SLCF), which is present naturally in the 
Earth’s atmosphere, but the amount in the atmosphere has been dramatically increased due to anthropogenic sources especially 
after industrialization in the 18th century. Such coexistence of both natural and anthropogenic sources at the present make it 
difficult to quantitatively understand CH4 cycles on the globe. For example, CH4 concentration was increasing in 1990s, 
became stable in 2000s, and began to increase again from 2007, but discussions on what caused the inter-decadal variations 
remain intriguing. On the other hand, it is well known that wetlands are the largest natural source of CH4. Wetlands in Arctic 
regions have been recently receiving remarkable attention, because high-latitude regions are more sensitive to global warming 
than low-latitudes, possibly enhancing CH4 emissions there. West Siberian wetlands alone are estimated to contribute 2% at a 
maximum to the global CH4 budget.  
In order to monitor atmospheric CH4 variability, continuous measurements of CH4 concentration from an expanded network of 
towers (JR-STATION: Japan–Russia Siberian Tall Tower Inland Observation Network; Sasakawa et al., 2010) have been 
conducted mainly in West Siberia since 2004. A previous study on the measurements has revealed that CH4 concentration has 
large diurnal and seasonal variability, which are driven by seasonally varying wetlands and fossil fuel emissions as well as by 
significant diurnal and seasonal variations of planetary boundary layer height (PBLH). Chemistry transport model can be a 
useful tool to understand atmospheric CH4 variations, but model simulation for the JR-STATION seems to be slightly 
challenging, since the stations are significantly affected by local sources and PBLH variability (Sasakawa et al., 2010), which 
in some cases need higher horizontal and vertical resolutions of the model to simulate. 
 
Figure 1.  Monthly mean CH4 of JR-STATION observation (obs) and the ACTM simulations for the period 2004-2013. 9 stations in the 
upper rows and others represent the results for the JR-STATION and for coastal stations, respectively. Model results are obtained as follows; 
Ctl-LR&HR: simulated by normal (LR) and high (HR) resolution ACTM with emissions by Patra et al (2011), Opt1&2: emissions by two 
different types of source balance optimization, Inv: emissions estimated by regional inversion (Patra et al., 2016). 
  
In this study, we compare results simulated by the CCSR/NIES/FRCGC Atmospheric General Circulation Model based 
Chemistry Transport Model (ACTM; Patra et al., 2009; 2011) with several types of CH4 emission inventories including the 
estimations by a process-based biogeochemical model (Ito and Inatomi, 2012) and by atmospheric inversions (Patra et al., 
2016), and try to understand the driving factors for observed atmospheric CH4 variations. Diurnal cycles are generally 
reproduced by ACTM, but, in summer, when the amplitudes are maximized by enhanced wetland emission and by large 
planetary boundary layer variability driven by large diurnal temperature change, disagreement for the amplitude and maximum 
timing between model and observation are found especially at stations located near wetlands (BRZ, KRS, IGR, NOY, and 
DEM). Seasonal cycles are compared using monthly means of daytime data (Fig.1). General tendency of observation of 
minimum in summer and maximum in winter is reproduced by model. However, wetland emission signals in summer at 
stations in wetter areas (KRS, NOY, and DEN) are missed by model cases of Opt1 and Inv. Also local anthropogenic 
emissions are underestimated at stations, less affected by the wetland emissions (IGR and SVV). 
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シベリアにおいて 2002 年からタワー観測ネットワーク（JR-STATION: Japan-Russia Siberian Tall Tower Inland 
Observation Network）を用いて CO2濃度と CH4濃度の連続測定を継続している（Sasakawa et al., 2010, 2012, 2013）。
沿岸域のバックグラウンドの変動と比較すると、冬季は極度に低温になるため境界層が発達しにくく地表からのフ
ラックスを下層に溜め込みやすいため CO2濃度が高く、夏季はタイガ植生による光合成の影響を強く受け CO2濃度
が低かった。結果として季節振幅は 20 ppm 以上になる。CH4濃度は全サイトで、年間を通してバックグラウンド大
気レベルを大きく上回る高濃度 CH4が見られた。CH4濃度のばらつきは大きいが、春季（3-6 月）と秋季（10 月）
の日中のデータに注目すると 2007 年以降全球で観測されているような経年増加が観測された（図 1）。しかしバッ
クグラウンドサイト間でのばらつきや本観測のばらつきを考慮すると、シベリア域のみの特徴的な長期トレンドを
論ずることは難しい。 
	 タワー観測システムに CRDS を組み込む方式を検討し、初期段階では NDIR の後に CRDS を直列に接続した予備
実験を実施した。両センサーの示す CO2濃度に良い一致が見られていたが、このシステムでは試料空気の水蒸気除
去のために試薬（Mg(ClO4)2）を用いており、場合によってはこの乾燥剤が潮解して CRDS 内にまで混入してしまう
危険性があった。そこで CRDS への試料空気は試薬の前で分岐し NDIR とは並列で測定するシステムを作成した。
試料空気の乾燥には Nafion ドライヤー（MD-050-72S-1）を使用し、その後マスフローコントローラで NDIR と同量
の流量（35 ml/min）に調整した。この条件で H2O 濃度は CRDS の表示で 0.01%以下になり、CO2と CH4濃度の水補
正に問題のない条件にまで達することが確認できている。国立環境研究所に設置しているシベリアと同型のタワー
観測システムを上記のシステムに変更し、NDIR と CRDS（G2301）の比較実験を行った。セレクターユニットのサ
ンプルラインから乾燥空気（TKB air, CO2: 391.90 ppm）を導入し両センサーでの同時測定を行い良い一致を確認し
た（表 1）。本発表では Karasevoe タワーに設置した同システムでの観測結果も紹介する。 
 
表 1. NDIR と CRDS による TKB air の測定値 (平均±標準偏差) 
ID NDIR (ppm) N CRDS (ppm) N 
TKB air 391.72±0.18 25 391.85±0.04 25 
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図 1. Karasevoe (KRS)と Demyanskoe (DEM)において観測された CH4 濃度の日中値（13:00-17:00 LST）の月平均値の経年変化。エ
ラーバーは標準偏差。直線は直線近似のトレンドライン。日中値は低高度と高々度インレットの濃度差が 50 ppb より小さい場
合のみ使用した。月平均に使用した日中値が N=28 より少ない場合は白抜きで表しトレンドラインの計算には使用していない。
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Simultaneous observations of atmospheric O2 (defined as O2/N2 ratio) and CO2 concentrations provide valuable 
information for understanding the global carbon cycle. Atmospheric Potential Oxygen (APO) defined as APO=O2+1.1×CO2 
(O2 and CO2 represent the O2/N2 ratio and the CO2 concentration, respectively), which is conservative for land biospheric 
activities but variable by ocean-atmosphere O2 exchange, can also be used to evaluate the air-sea O2 flux. Therefore, several 
laboratories have developed precise measurement systems for the O2/N2 ratio and carried out systematic observations since the 
early 1990s. To elucidate the role of the Arctic region in the global carbon cycle in terms of atmospheric O2, we developed a 
continuous measurement system using a differential fuel-cell O2 analyzer, and initiated systematic observation at Ny-Ålesund 
(78˚55’N, 11˚56’E), Svalbard in November 2012 for the first continuous operation in the Arctic region. We report the results 
obtained from the first two years of measurement. 
The O2/N2 ratio observed at Ny-Ålesund shows a clear seasonal cycle with peak-to-peak amplitude of about 140 per meg, 
which reaches a minimum in late March to early April and a maximum in August. The CO2 concentration also varies 
seasonally, showing the amplitude of 17 ppm, but the phase is opposite to the O2/N2 ratio. APO shows the clear seasonal cycle 
similar to the O2/N2 ratio, and the amplitude is 55 per meg. In addition to the seasonal cycle, short-term variations on a 
timescale of several hours to several days are clearly observed. In spring and early summer, the O2/N2 ratio shows irregular 
fluctuations with the amplitude of 30–70 per meg (approximately corresponding to 6–15 ppm in mole fraction). Similar 
fluctuations are also found for the CO2 concentration, but the phase is opposite to the O2/N2 ratio, and their amplitudes are 5 
ppm at most. Irregular fluctuations of APO indicate the amplitude to be 20–50 per meg. From the comparison of backward 
trajectories of air parcels, as well as of the results of the tagged-tracer experiments using an atmospheric transport model, with 
the distribution of marine biological net primary production (NPP), it is suggested that such fluctuations of APO are closely 
related to O2 emissions due to marine biological activities in the Norwegian Sea, the Greenland Sea and/or the Barents Sea. 
Sea-to-air O2 flux is roughly estimated to be 1.4×105 µmol m-2 day-1 based on a fluctuation event of APO observed on June 
17–19, 2013. The net community production (NCP) expected from the estimated O2 flux is estimated to be 1.2×103 mgC m-2 
day-1, which is in good agreement with satellite-derived NPP within an order of magnitude. This suggests that in-situ 
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北海道利尻島における大気中 CO2,CH4,COと Black Carbonの変動 
 





Variations in atmospheric CO2, CH4, CO and BC on Rishiri Island, northern Japan 
 
Hisayuki Yoshikawa1,Yasunori Tohjima2, Tomohisa Irino1, and Chunmao Zhu3 
1
Graduate School of Environmental Scieice, Hokkaido University 
2
 Center for Global Environmental Research, National Studies for Environmental Studies 
3
Department of Environmental Geochemical Cycle Research, Japan Agency for Marine-Earth Science and Technology 
 
Continuous measurements of atmospheric CO2, CH4, and CO were made using a Cavity Ring-Down Spectrometer (CRDS 
analyzer G1401, Picarro, USA) along with the measurements of equivalent black carbon (eBC), 222Rn, and O3 in the seasonal 
snowpack area in northern Japan (Rishiri Island, 45°07'N, 141°11'E, 40 ｍ asl) since December 2012. Atmospheric CO2 
varied from diurnal to inter-annual time scales. During a diurnal variation atmsopheric CO2 is positively correlated with 
222Rn, 
indicating CO2 and 
222Rn emission into the nocturnal boundary layer. On the basis of positive relationship between CO2 and 
222Rn and 222Rn exhalation rate from Rishiri Island, CO2 flux from ecosystem was estimated to be low in winter (less than 1 
µmol m-2 s-1) and high in summer (larger than 4 µmol m-2 s-1) (Q10=3.0, H Yoshikawa-Inoue and Zhu, 2013). Seasonally, the 
maximum CO2 mixing ratio appeared in the beginning of April, and the minimum in the middle of August. This seasonal 
variation implied the natural cycle of terrestrial biological activities of the boreal forest, mostly in the east Eurasia (Zhu et al., 
2015). During the diurnal variation, we found a good negative relationship between CO2 and CH4 throughout the year, 
suggesting CH4 uptake by the surface. And we also found a good negative relationship between CO2 and CO in spring. In 
summer CO remained fairly constant against the increases in CO2 mixing ratio.These results suggest decomposition process 
caused by the biological activities and the (thermal) production of CO. Over a few days, atmospheric CO2 sometimes showed a 
positive correlation with CH4, CO, and eBC. High concentration events lasting over hours are caused by the long-range 
transport of air mass contaminated over the Eurasia continent. Back trajectory analysis indicates that air mass originated from 
latitudinal zones of Eurasia continent equal to or lower than Rishiri Island or moved from northwest over Eurasia continent to 
Rishiri Island. The former could be caused by the anthropogenic sources and the latter at least partially by biomass burning 
over Siberia (Zhu et al., 2014). It is necessary to measure these greenhouse gases and eBC to examine variations in sources in 
mid- to high- latitudes.  
 
2012 年 12 月より季節雪氷域である北海道利尻島（45°07'N、141°11'E、40 m asl）において、キャビティリングダ







222Rn の放出を示している。日変化における CO2 と
222Rn の間の正の相関と利尻島からの 222Rn 放出
フラックス評価に基づいて、陸域生態系からの CO2 フラックスは冬季に低く(<1 µmol m
-2 s-1)、夏季に高い（>4 
µmol m-2 s-1)ことが示された(Q10=3.0 H, Yoshikawa-Inoue and Zhu, 2013)。大気中の CO2濃度は 4 月初旬に極大、８月
中旬に極小を示し、その振幅の年々変動は主にユーラシア大陸の陸上植生により支配されていた（Zhu et al., 
2015）。日変化のなかで CH4 はほぼ年間を通じて CO2 と負の相関を示した。このことは、利尻島の地表面が CH4
のシンクであることを示している。その一方で CO は春季に CO2 との負の相関が明瞭に認められる傾向があった








北極域における大気中 N2O isotopocule の時空間分布 
 








一酸化二窒素（N2O）は対流圏では CO2 の約 220 倍の放射効率をもつ温室効果気体、成層圏では CFC の削減後
最も重要なオゾン層破壊物質として知られている（Ravishankara et al., 2009）。全球平均濃度は 2011 年現在で約
324 ppb (nmol mol-1)であり、0.73 ppb yr-1で増加している（IPCC, 2013）。N2O には土壌、海洋など天然の発生源と
農業、バイオマス燃焼などの人為発生源が知られており、その多くが微生物過程と関わっている。主な消滅先は
成層圏における光化学反応である。 
N2O は非対称の分子構造（NNO）をもつため、分子内の 15N 分布も考慮すると種々の同位体を含む分子種
（isotopocule）が存在する。これら isotopocule の自然存在比は N2O の起源や生成・消滅過程の進行度に応じて変
動することから、全球収支の推定に有効な指標である。これまでに 10-30 年間保存された中・高緯度大気試料や極
域のフィルン（万年雪）中に保存された過去 100 年におよぶ大気の分析、あるいは低緯度大気モニタリングによ
り isotopocule 比の経年変化が報告され、14N に富む「軽い」N2O を放出する発生源が N2O 濃度の増加に寄与して
いることが明らかになった。しかし、大気中における継続的な観測例は限られている。 
われわれは 1999 年から沖縄・波照間島、2005 年から西シベリア・ノボシビルスク上空において大気試料を採取
して N2O isotopocule 比の分析を行っているが、GRENE プロジェクトではさらにカナダ・チャーチルで採取された
地表大気試料の分析も開始し、北極点を挟んでほぼ対称の位置にある北極圏の 2 地点（Figure 1）における観測を
行うとともに、測定を自動化して分析の効率化・高精度化を図った。ノボシビルスク(55°N, 83°E)では月 1 回、
航空機を用いて高度 500m および 7000m の大気をガラス容器に加圧採取し、国立環境研で N2O を含む各種微量成
分の濃度分析を行った後、東工大にて isotopocule 分析に供した。チャーチル（59°N, 94°W）ではカナダ環境省
研究所により週 2 回の地表サンプリングと各種微量成分の濃度分析が行われているが、このうち隔週で 1 試料を
選んでガラス容器に分取しアイソトポキュル比を分析した。 
ノボシビルスク高度 500m とチャーチルの N2O 濃度および
isotopocule 比の経年変化はほぼ一致し、濃度が約 0.8 ppbv yr-1
で増加したのに対し、バルク窒素同位体比（ 15Nbulk 、
14N14N16O に対する 14N15N16O および 15N14N16O の存在比の平
均）は約 0.04‰ yr-1で減少した。一方、酸素同位体比（18O）、
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Figure 1.  本研究の試料採取地点 
  
北極海における溶存メタンおよび一酸化二窒素の濃度と isotopocule の分布 
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メタン (CH4) と一酸化二窒素（N2O）は温室効果気体であり、N2O は成層圏でもオゾン破壊物質として重要な
気体である（IPCC, 2013; Ravishankara et al., 2009）。CH4 と N2O の大気中濃度増加の主要因は農業、化石燃料燃
焼などの人為発生源と考えられているが、これら気体は生物過程でも生成・消滅し海洋を含む種々の発生源が知
られており、全球収支には不確実性が残されている。北極海ではいくつかの海域において表層水中の CH4 と N2O
が大気に対して過飽和で溶存していることが報告されているが（Kitidis et al., 2010 and references therein）、その生
成機構や大気への発生源としての北極海の理解は進んでいない。本研究では、ベーリング海およびチャクチ海に
おける溶存 CH4 と N2O の水平および鉛直分布を明らかにするとともに、isotopocule（13CH4 , CH3D, 15NNO, N15NO, 
and NN18O のように希少な安定同位体で置換された分子種）の存在度に基づいてこれらの生成・消滅過程を解析す
ることを目的とした。 
海水試料は 2012-2015 年の 8-9 月に GRENE プロジェクトのみらい航海（MR12-E03, MR13-06, MR14-05, MR-15-
03）を利用してそれぞれ 14-22 測点で採取された（Figure 1）。特に 2012 年はキャビティリングダウン分光法を用
いた CH4 濃度の現場航走観測との比較を行うため広
範囲で表層または水深 5m における採水を行った。
溶存 CH4の濃度は GC-FID、isotopocule 比はガスクロ
マトグラフ-同位体比質量分析計（GC- IRMS）を、
溶存 N2O は濃度、isotopocule 比ともに GC-IRMS を
用いて測定した。 
2012 および 2013 年に観測された CH4 と N2O の濃
度はそれぞれ 0.5-48.5 nmol/kg、 9.3-49.0 nmol/kg の
範囲にあり、ほとんどの試料で大気に対して過飽和
であった。最も濃度が高かったのは 2013 年の大陸棚
の浅い海底(72.7N, 168.2W)で、CH4 と N2O の飽和
度はそれぞれ 1281%、306% であり、これまで北極
海で報告された値よりも高かった。CH4 と N2O の濃
度極大は水深の深い測点の表層または亜表層でも見
られたが、極大となる深度は必ずしも一致しなかっ
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Figure 1.  本研究の試料採取地点。年ごとに色分けしてある
が、重なっている点もある。 
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Several researches pointed out the concern that methane emissions in the Arctic region would increase in near future due to 
global warming. To investigate the CH4 potential sources in the Arctic region, continuous measurements of the atmospheric 
CH4 were conducted onboard a R/V Mirai during 4 Arctic cruises: MR12-E03 (Sep. 3-Oct. 17, 2012), MR13-06 (Aug. 28-Oct. 
17, 2013), MR14-05 (Aug. 31-Oct.10, 2014), MR15-03(Aug. 23-Oct. 5, 2015). The onboard measurements of the atmospheric 
CH4, carbon dioxide (CO2) and carbon monoxide (CO) were carried out by using a cavity ring-down spectroscopy (CRDS) 
analyzer (Picarro, G2401). The estimated analytical precisions were about 0.02 ppm (CO2), 0.3 ppb (CH4), and 1 ppb (CO) for 
the 5-min averages when the CRDS analyzer was in good condition. However, the precisions were considerably worse for CO 
during MR13-06 cruise, CO2 and CO during MR15-03 cruise, and CH4 during the latter half of the MR15-03 cruise because of 
malfunctions of the CRDS analyzer. It should be noted that the CO2 and CO mixing ratios were sometimes contaminated by 
the own exhaust fumes while there was no significant influence from the exhaust fumes on the CH4 mixing ratio. Such 
pollution events are easily distinguishable by the characteristics of the relative wind direction, the tight correlation of CO vs. 
CO2, and large short-term (~a few second) variability of CO2.  
From these Arctic cruises, distribution of the atmospheric CH4 in the Bering Sea, the Chukchi Sea, and the Canada 
Basin of the Arctic Ocean in September were mainly observed. For the individual cruises, relatively elevated CH4 mixing 
ratios of several tens ppb were observed in the Bering Strait, Chukchi Sea, and off the northern Alaskan coast (Fig. 1). Since 
these elevated CH4 peaks were generally associated with similar CO2 peaks but not with CO peaks, it’s unlikely that the ocean 
or combustion processes were the sources of the elevated CH4. To examine the relationship between the CH4 variations and the 
air mass transport, 3-day backward trajectories along the cruise tracks are computed by using the METEX (METeorological 
data Explorer, http://db.cger.nies.go.jp/metex/) developed by Zeng et al. (2003).The backward trajectory analysis suggests that 
the elevated CH4 are associated with the air mass transport from Alaska or East Siberia, especially North Slope of Alaska (Fig. 
2). Simulated CH4 variations based on an atmospheric transport model and reported CH4 flux map well capture the observed 
CH4 variations, also suggesting that the most of elevated CH4 were derived from the land sources. However, the amplitudes of 
the elevations are not necessarily reproduced well. These results suggest that the observed CH4 spatiotemporal variations could 
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Fig. 1. CH4 distribution along the track of the MR14-05 cruise. 
Fig. 2. 3-day backward trajectories along the cruise track 
for 4-day period during the MR14-05 Arctic cruise. 
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We produced 204 monthly maps of the air–sea CO2 flux in the Arctic Ocean and its adjacent seas (north of 60°N) from January 
1997 to December 2013, using the partial pressure of CO2 in surface water (pCO2w) estimates by a self-organizing map 
technique. The pCO2w data were measured by shipboard underway measurements and calculated from alkalinity and total 
inorganic carbon of surface water samples. Subsequently, we investigated the basin-wide distribution and seasonal to 
interannual variability of the CO2 fluxes. The pCO2w undersaturation combined with less ice-cover and strong winds drives a 
flux of CO2 into the Greenland/Norwegian, Barents and Chukchi seas, averaging 11 ± 3 mmol m–2, 10 ± 4 mmol m–2 day–1, and 
4 ± 4 mmol m–2 day–1, respectively, over the 17 year period. Annual CO2 uptake of the Arctic Ocean was estimated to be 152 ± 
173 TgC yr–1. The seasonal variability of the CO2 flux depends mainly on wind variability, and partly on sea-ice coverage. In 
winter, the CO2 influx was large in the Greenland/Norwegian Sea because of strong winds, but small in the Chukchi Sea 
because of sea ice. In contrast, interannual variability was mostly related to the air–sea pCO2 differences and partly to wind 
speed and sea-ice changes. In recent years, the CO2 uptake in the Greenland/Norwegian Sea has increased and that in the 














Figure 1.  CO2 flux [mmol m–2 day–1] from December to May (left) and from June to November (right.). Darker shades show values in 
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Shipboard Observations of Atmospheric Potential Oxygen and air-sea O2 flux in the northern 
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Simultaneous observations of Atmospheric Potential Oxygen (APO = O2+1.1xCO2) and air-sea O2 flux were carried out 
onboard a research vessel MIRAI in the northern North Pacific and the Arctic Ocean in the autumns of 2012-2015. Air 
samples to measure the atmospheric δ(O2/N2) and CO2 concentration to derive APO were collected on average once per day 
for the period September 5 – October 15, 2012, August 29 – October 6, 2013, September 1 – October 9, 2014 and August 27 – 
October 5, 2015. Dissolved oxygen concentration in the near-surface water was also measured continuously during these 
cruises, and converted to air-sea O2 flux (FO2_obs). The relationships of δ(O2/N2) and simultaneously-measured δ13C with CO2 
concentration indicated that terrestrial biospheric activities and the air-sea O2 flux are the main contributors to the observed 
variations in CO2 concentration and APO, respectively. To compare the observed APO values with those simulated using the 
monthly air-sea O2 flux climatology taken from the TransCom experimental protocol (FO2_cli), a simulation of APO using a 3-
dimensional atmospheric transport model forced by FO2_cli was also carried out. The observed APO showed larger short-term 
variations than the simulated APO, and FO2_obs also showed larger variation than FO2_cli. A simple calculation indicated that the 
short-term variations in APO produced by using FO2_obs were comparable in magnitude to the observed, and the characteristics 
of the temporal variations in the observed APO were relatively well reproduced by the calculated APO. These results strongly 
suggest that the short-term variations seen in the observed APO is attributable to the short-term variations in the air-sea O2 flux 
around the observation area. The FO2_obs values were systematically higher than the FO2_cli values in all cruises, with an average 
difference of about 0.3 µmolm-2s-1. By uniformly mixing the sea-to-air O2 flux of 0.3 µmolm-2s-1 from the northern hemisphere 
ocean into the overlying atmosphere during the fall season, it was possible to explain the discrepancy between the observed 
and simulated seasonal APO cycles seen at Ny-Ålesund, Svalbard and Sendai, Japan in the fall season. These findings show 
that simultaneous ship observations of APO and FO2_obs are useful to validate regional air-sea O2 fluxes in detail (Ishidoya et al., 
submitted).   
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Ice Zone における大気への境界条件の重要性が指摘されている[Frankignoul et al. 2014]。実際、バレンツ海やカラ海など
の海氷域の減少傾向に伴う熱源応答がこれらの大陸の寒冷化の原因であることを示唆する結果が、観測データの解析
[Honda et al. 2009, Inoue et al. 2012]や気候モデルによる感度実験[Mori et al. 2014]によって得られている。我々の研究グ
ループは北半球中緯度の冬季の寒冷化に先立つバレンツ海とベーリング海の海氷面積の変動要因について、海洋の熱的
条件に着目した研究を行ってきた。過去 30 年間の大気や海洋のデータ解析の結果、外洋の海洋熱が 3 ヶ月から 1 年かけ
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面での CTD、ADCP データを用いて(図 1)、流量、淡水、熱輸送量の長期変動を調べることを目的とする。ここで
は、淡水量は北極海の平均塩分(34.8psu)、熱量は海水の結氷温度(～-1.8℃)を基準とする、北極海で標準的な手法
を用いる。 
図 2 に 2000 年 10 月～2015 年 10 月の流量、淡水、熱輸送量を示す。2010 年以降のバロー海底谷の流量、淡水
輸送量は 2000-2008 年と比べると、減少傾向にある。流量や淡水輸送量の変動は岸沿いの風の変動が原因であるこ
とが示されているため (Itoh et al., 2012, 2013 )、北風が強かったことが原因と考えられる。また、ベーリング海峡





水の水温上昇、2010 年、2012 年はそれに加えて夏季に北風が弱かったことが原因と示唆された。 
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Water mass characteristics and their temporal changes in a biological hotspot  
in the southern Chukchi Sea 
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We analysed mooring and ship-based hydrographic and biogeochemical data obtained from a Hope Valley biological hotspot 
in the southern Chukchi Sea. The moorings were deployed from 16 July 2012 to 19 July 2014, and data were captured during 
spring and fall blooms with high chlorophyll a concentrations. Turbidity increased and dissolved oxygen decreased in the 
bottom water at the mooring site before the fall bloom, suggesting an accumulation of particulate organic matter and its 
decomposition (nutrient regeneration) at the bottom. This event may have been a trigger for the fall bloom at this site. The 
bloom was maintained for 1 month in 2012 and for 2 months in 2013. The maintenance mechanism for the fall bloom was also 
studied by hydrographic and biogeochemical surveys in late summer to fall 2012 and 2013. Nutrient-rich water from the 
Bering Sea supplied nutrients to Hope Valley, although a reduction in nutrients may have occurred in 2012 by mixing of 
lower-nutrient water that would have remained on the Chukchi Sea shelf. In addition, nutrient regeneration at the bottom of 
Hope Valley could have increased nutrient concentrations and explained 60% of its nutrient content in the bottom water in fall 
2012. The high nutrient content with the dome-like structure of the bottom water may have maintained the high primary 
productivity via the vertical nutrient supply from the bottom water, which is likely caused by wind-induced mixing at this site 
during the fall bloom. Primary productivity was 0.3 g C m−2 d−1 in September 2012 and 1.6 g C m−2 d−1 in September 2013. 





CryoSat-2/SIRAL 観測で明らかになった冬期北極海におけるボーフォート循環の変動  
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The variability of the Beaufort Gyre (BG) and its various impacts were previously documented. McPhee (2013) demonstrated 
that the geostrophic currents on the periphery of the BG between 2003 and 2011 were intensified relative to the climatological 
value. Proshutinsky et al. (2002) proposed a hypothesis that the BG accumulated freshwater mechanically because of Ekman 
convergence and the associated downwelling, and Proshutinsky et al. (2009) used long-term in situ measurements to provide 
observational evidence for that hypothesis. Morison et al. (2012) investigated in situ measurements and satellite data and 
concluded that the spatial and temporal variability of freshwater in the Arctic Ocean was caused by changes in the pathways of 
river runoff that are modulated by the Arctic Oscillation rather than the strength of the wind-driven BG circulation (i.e., 
deepening/shallowing of isohaline surface). In either case, determining the spatial and temporal variability of the BG and 
surrounding oceanic circulation patterns is crucial for understanding the freshwater content in the Arctic Ocean.  
We processed the sea surface height measured by the SAR (Synthetic Aperture Radar) / Interferometric Radar Altimeter on 
board the CryoSat-2 (CS-2) and successfully estimated the monthly dynamic ocean topography (DOT) of the Arctic Ocean. 
The CS-2 monthly DOT showed the interannual and monthly variability of the BG during winter between 2010/2011 and 
2014/2015. The northward flow at the western edge of the BG was primarily estimated over the Chukchi Borderland (CBL). 
However, the BG extended across the CBL, and the northward flow was estimated over the Mendeleev Ridge in the winter of 
2012/2013. Our analyses revealed a significantly variable BG in response to changes in the sea surface stress field. Our 
analysis indicated that 1) sea ice motion acts as a driving force for the BG when sea ice motion was intensified during winter 
and 2) sea ice motion can also acts as an inhibiting force for the BG when sea ice motion is weakened during winter. In 
addition, the relationship between the DOT, steric height and ocean bottom pressure implied that the DOT during winter 
responded to varying wind stresses through baroclinic and barotropic adjustments. According to a tracer experiment, we 
inferred that in the winter of 2012/2013, the Pacific-origin water carried into the BG through the Barrow Canyon was 
transported to the northern shelf and shelf break of the Chukchi Sea rather than the CBL, which is where the Pacific-origin 
water had been transported in the other years of the target period. 
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A role of sea ice melt water on iron supply to surface water in the polar and the sub-polar Ocean 
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Massive utilization of nitrate in the surface layer in summer in the polar ocean in the Northern Hemisphere indicates sufficient 
supply of bioavailable iron into surface water. To reveal iron supply processes in the Arctic ocean and the sub-polar marginal 
sea, the Okhotsk Sea, in the early stage of biological increase, we investigated a roles of sea ice melt water on iron supply to 
surface phytoplankton community. First, we conducted surface towed fish clean sampling from the Bering sea shelf area, thorugh 
the Bering strait, and around sea ice edge in the Chukchi Sea. Alkalinity was measured as tracer which can be used for classify 
the sources of fresh water, river discharge or sea ice melting. Judging from the potential alkalinity, sea ice melt water was clearly 
distributed around edge of the sea ice. Dissolved iron and total dissolvable iron concentration well correlated with a fraction of 
sea ice melt water, and iron concentration increased with increasing of the fraction. On the other hand, area of Alaskan coastal 
current (ACC), west coast of Alaska, both of river water and sea ice melt water existed and iron concentrations correlated with 
fraction of sum of river water and sea ice melt waters. Our estimate from the slope of the correlation indicate that the sea ice 
melt water have comparable impact on iron supply as river discarge. Second, we also conducted winter observation in the sea 
ice area of the southern Okhotsk Sea. Hydrographic observations were carried out at a station in deep basin (>900 m) of the 
southern Okhotsk Sea in late-November 2013 (absence of sea ice) and in mid-February 2014 (presence of sea ice). We observed 
a striking temporal change in surface mixed-layer Fe concentrations, from ~6.5 nM for total dissolvable iron and ~0.96 nM for 
dissolved iron in November, to ~62.5 nM for total dissolvable iron and ~3.37 nM for dissolved iron in February. The increases 
of the mixed-layer Fe concentrations in February coincided with a decrease in seawater salinity. A three-component mixing 
scheme of seawater, sea ice melt water, and Amur River water using relationship between alkalinity and salinity revealed that 
the low seawater salinity observed in the mixed-layer was affected by the sea ice melt water, not the Amur River water. The 
inventory which is released Fe to the mixed-layer from sea ice is estimated using the Fe profiles in November and February as 
the inventory of 7407 μmol m-2 for total dissolvable iron and 375 μmol m-2 for dissolved iron, quantitatively. These observational 
studies clearly indicate that sea ice melting is one of significant process for deliver micro-nutrient, iron, to the surface water in 
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Trace metals such as Fe, Mn, Ni, Zn and Cd are involved in numerous processes in the metabolisms for phytoplankton growth.  
In the Arctic Ocean, the continental shelf area comprises roughly one-third of its total area and accounts for approximately 
one-fifth of that of the world’s ocean. Previous studies have revealed that the maximum of Fe concentration existed in the 
halocline waters with nutrients and dissolved organic matters, suggesting that the formation of cold and dense water in the 
halocline layer and the input from the continental shelf play the significant roles for Fe transport in the western Arctic Ocean 
(e.g., Hioki et al., 2014).  On the other hand, there are only few data about the distributions of Zn, Cd, Ni and Mn in this 
region.  In this study, distributions of dissolved and total dissolvable trace metals (Mn, Fe, Ni, Zn and Cd) were investigated 
in the western Arctic (Chukchi Sea and Canada Basin) in 2012 September to elucidate the mechanism of the transport of these 
metals in this region.  We found concentration maxima not only of Fe, but also of the other trace metals in the halocline 
and/or near bottom waters with respect to both dissolved and total dissolvable fractions in the western Arctic Ocean.  The 
distribution patterns were generally similar between dissolved and total dissolvable fractions for all trace metals.  However, 
especially high concentration was observed in the near bottom water in the Chukchi Sea shelf with respect to total dissolvable 
Fe and Mn.  On the other hand, Ni, Zn and Cd mainly existed as dissolved form.  In this study area, the shelf sediments, 
melting sea-ice and river discharge are expected as the sources of trace metals as well as remineralization of organic matters.  
Among these potential sources, the remineralization is the common source for all metals measured in this study.  Considering 
the maximum concentrations for Fe and Mn were found in the near bottom water in the Chukchi Sea shelf region, extra input 
such as sediments could be important.  The relationship between the distance from sea-shelf and concentrations of dissolved 
trace metals showed that dissolved Fe and Mn in the halocline waters tended to decrease with distance logarithmically 
(especially in the lower halocline water), suggesting that distributions of dissolved Fe and Mn were mainly controlled by 
diffusion and mixing.  Distributions of dissolved Cd and Zn were correlated well with phosphate concentration, suggesting 
that Zn and Cd were also transported to offshore via halocline water like as nutrients and dissolved organic matter.  Since 
dissolved Ni concentration tended to be high in the surface mixed layer in this study area, the correlation with phosphate was 
poor.  These results suggested the importance of the halocline water for the transport of Mn, Ni, Zn and Cd as well as Fe in 
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We conducted a shipboard observation over the Chukchi Sea and the Canada Basin in the western Arctic Ocean in September 
and October 2012 to obtain vertical distributions of four volatile organic iodine compounds (VOIs) in seawater. The VOIs 
observed in this study were iodomethane (CH3I), iodoethane (C2H5I), diiodomethane (CH2I2), and chloroiodomethane 
(CH2ClI). Maximum concentrations of the four VOIs were found in the bottom layer water over the Chukchi Sea shelf, in 
which layer the maximum concentration of ammonium (NH4
+) also occurred. A signiﬁcant correlation was observed between 
C2H5I and NH4
+ (correlation coefﬁcient R = 0.93, P < 0.01, n = 64) and between CH3I and NH4
+ (R = 0.77, P < 0.01, n = 64), 
suggesting that the production of these VOIs increased with the degradation of organic matter. Over the northern Chukchi Sea 
shelf–slope area, concentration maxima of CH2I2, CH2ClI, and CH3I were found in the subsurface cold, dense water (CDW). A 




−) occurred simultaneously in this water, suggesting the 
production of the three VOIs in the sediment or the bottom layer water over the shelf, probably in association with the 
degradation of organic matter. We conclude that VOI production over the Chukchi Sea shelf can be largely attributed to the 
degradation of organic matter that is produced in the highly productive shelf water. High concentrations of CH2ClI were also 
found in the Alaskan Coastal Water (ACW) from the Bering Strait to the surface of the northern Chukchi slope. The VOIs that 
originated at the Chukchi Sea shelf are expected to be laterally transported to the Arctic Ocean basin through the CDW and the 
surface ACW. The Chukchi Sea shelf was found to have the largest sea-to-air flux of CH2ClI in the global ocean from tropical 
– polar ocean areas. Degradation of organic matter over the shallow continental shelf would have a great impact on iodine flux 
to the air, which might affect atmospheric ozone level. 
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Strong wind events resulted in enhanced bacterial production in the Chukchi Shelf, western Arctic 
Ocean 
 
Mario Uchimiya1, 3, Shigeto Nishino2, Hiroshi Ogawa3 and Toshi Nagata3 
1National Institute of Polar Research 
2 Japan Agency for Marine-Earth Science and Technology 
3Atmospher and Ocean Research Institute, the University of Tokyo 
 
Recent studies have indicated that autumnal phytoplankton bloom is becoming more common in most of the Arctic regions 
because of the receding of sea-ice pack, which may allow more light penetration and vertical mixing driven by atmospheric 
forcing. However, it remains unclear how these changes in physical forcing may influence patterns in carbon fluxes mediated 
by the microbial loop in Arctic waters. This study examined temporal changes (time resolution, 6–24 hours) in heterotrophic 
bacterial production and abundance in the Chukchi Shelf, western Arctic Ocean, during the fixed-point observation conducted 
between 10 and 25 of September 2013. During this investigation period, strong wind events were followed by the occurrence 
of an autumnal phytoplankton bloom, which was presumably triggered by the enhanced upward nutrient fluxes induced by 
physical disturbances. In the layer above the pycnocline (<20–30 m), bacterial production and abundance increased with the 
increase of chlorophyll a concentration (Pearson’s r = 0.73–0.87, p < 0.05). Bacterial production to primary production ratios 
were relatively high and constant throughout the observation period (average ± SD, 0.13 ± 0.02; n = 8). Despite dynamic 
changes in phytoplankton and bacteria parameters, dissolved free (DFAA) and combined amino acid (DCAA) concentrations 
remained low (DFAA, 9.8 ± 4.7 nmol L-1, DCAA, 236 ± 32 nmol L-1). These results suggest that there was a tightly coupled 
flow of labile dissolved organic matter from phytoplankton to bacteria, which fueled high bacterial production during the 
bloom period. In the layer near the seafloor (56 m), enhanced bacterial production and abundance, which was accompanied by 
low transmittance, were observed following strong wind events (wind speed, >12 m s-1). This indicates that wind-related 
turbulence near the seafloor caused bottom sediment resuspension, which in turn enhanced bacterial production. Taken 
together, our data demonstrate that, in both the upper and deeper layers, bacteria responded dynamically to autumnal strong 
wind events in the Chukchi Shelf, indicating that bacterially mediated flows of carbon and other bioelements represent a key 
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 近年の気候変動を考える上で、海洋が吸収する CO2量を把握することは重要である。北極海は全海洋が年間に








 基礎生産力推定アルゴリズムの最適化には、Hirawake et al. (2012)のデータセットに加えて、海洋地球研究船
「みらい」の北極航海 MR12-E03 および MR13-06、「おしょろ丸」255 次 GRENE 北極航海で取得した基礎生産、
色素および光学観測データを用いた。また、生物過程と pCO2との関係については、海洋地球研究船「みらい」の
北極航海 MR12-E03 において測定された、表層水温(SST)、塩分(SSS)、クロロフィル a 濃度(Chl.a)、pCO2 を使用
した。pCO2 はキャビティリングダウン分光分析装置(CRDS)を用い、1 時間ごとに平均した後,SST、SSS、Chl.a と
比較した。また、海氷密接度(SIC)と 9 日間移動平均の基礎生産量を衛星データより求め、開氷期間の平均基礎生
産量および積算基礎生産量を算出した。さらに、それぞれの観測点を SST、SSS、Chl.a、開氷期間、開氷期間の平


















Ecosystem studies of the Arctic Ocean declining Sea ice: 
Report on research cruise of T/S Oshoro Maru in the Bering and Chukchi Seas 
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  As a part of research project 'Ecosystem studies of the Arctic ocean declining Sea ice (ECOARCS)' under the GRENE 
Arctic Climate Change Research Project, research cruise by T/S Oshoro Maru of Hokkaido University in the Bering and 
Chukchi Seas was conducted in June and July 2013. CTD observations and water collections at 75 stations were carried out 
and biological and chemical parameters of the waters were analyzed. We also successfully operated sediment sampling, fish 
larvae collection, plankton collection, bottom trawl, ROV, dredge, and bio-optical measurements for satellite oceanography. 
The sea bird and mammal sighting surveys were also conducted from the upper bridge. The cruise has been completed almost 
of what we planed. 
  During the cruise, we investigated gradations in physical and chemical environments together with planktons and demersal 
fishes from open water to sea ice edge. We will report details of the observations and preliminary results from the cruise. 
 
 
Figure 1. Map of sampling stations of 
cruise of T/S Oshoro Maru in the Bering 





























組成や分布変化の要因解明への貢献が期待される (Fujiwara et al., in-press)。 
 	 一方、チャクチ海の北部海盆域においても、海氷減少に対する植物プランクトンの群集構造の応答を、2008−
2010 年の観測で得られた植物プランクトン色素のクラスター解析により評価した。2008 年は 2009 年および 2010


















Figure 2. チャクチ海北部海盆域における、8–9 月の優占植物プランクトン分類群と、海氷融解タイミング（カラーバー）分布
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Distributional shifts in size structure of phytoplankton community 
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Species distribution is changing with various rate and direction in response to global warming	 (Poloczanska et al., 2013). 
Climate velocity, which is derived as the ratio of temporal trend to spatial gradient of sea surface temperature (SST), predicts 
species migration and persistence as an expectation how species track their thermal niches (Burrows et al., 2011). However, 
past studies exposed independent changes in species distribution from climate velocity due to the complexity of biological in-
teractions (e.g., Philippart et al., 2011). In this study, we estimated the velocity of shifts in phytoplankton size structure using 
remote sensing data to predict species distributional shifts through spatiotemporal changes in food web structure. Chlorophyll 
Size Distribution (CSD) model was developed by quantitating the relationships between size structure of phytoplankton com-
munity and spectral feature of phytoplankton absorption coefficient (aph(λ)) (Wang et al., 2015), and validation results sug-
gested that the exponent of CSD (CSD slope) which describes synoptic size structure of phytoplankton community was de-
rived with sufficient accuracy (RMSE = 26.6%). When comparing the velocities of CSD slope and SST, interesting differences 
in rate and direction were found. For instance, latitudinal patterns showed high velocities at high and low latitudes in both CSD 
slope and SST, while the median rate of velocity of CSD slope (92.1 km decade-1) was approximately six times higher than 
that of SST (13.4 km decade-1). In addition, direction of shifts suggest that species are required to shift their distribution toward 
not limited to simple pole-ward migration, and some regions exhibit opposite direction between the velocity of CSD slope and 
SST. These findings imply that combined approach, both together the velocity of phytoplankton size structure and that of SST, 
may produce more accurate prediction of species distributional shifts than existing studies which considering only variations in 
specie thermal niches. Our results could contribute to generate global and regional maps of the expected rate and directions of 
species distribution now and future. 
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し、動物プランクトン動態に影響を与えうる環境要因と現状の Pelagic-benthic coupling について考察した。 
 複数の周波数を有するエコーサウンダー（Acoustic Zooplankton Fish Profiler, AZFP, ASL Environmental Sciences 
Inc.）をチャクチ海南部（67°42’N, 168°50’W,水深 50m または 68°02’N, 168°50’W, 水深 59m）に 2012 年 7 月 16 日
から 2014 年 7 月 19 日までの 2 年間、海底上 7m に上向きに係留し音響データを収録した。サンプリング間隔は 1
または 2 分毎、採集層厚は 0.5 または 0.2m である。AZFP は 4 つの周波数（125, 200, 455, 769 kHz）を使った測定
が可能であるが、送波器に不具合があったため 455 および 769 kHz は使えなかった。また、10m 以浅は波浪に伴う
気泡や季節海氷の影響を強く受けていたため、解析にあたってデータを用いなかった。125 および 200 kHz それぞ
れを用いて収録された音響データから、体積散乱強度（Sv）およびこれを鉛直方向に積算した面積散乱強度（Sa）
を算出した。Sa あるいは Sv 変動に影響を与えうる環境要因を考察するために、AZFP の係留用フレームに各種セ
ンサーを取り付けて底層における水温・塩分・溶存酸素濃度・濁度・クロロフィル蛍光の環境変動を、衛星観測






ところ、200kHz と 125 kHz の Sv 差から小型動物プランクトン(体長 3mm 程度、> 5 dB)、大型動物プランクトン
(体長 7mm 以上、0~5 dB)、有鰾魚(< 0 dB)、気泡(< -5 dB) の 4 者に分離できることが示唆された。この Sv 差を使
って、秋季は大型動物プランクトンが、冬季〜春季には小型動物プランクトンが卓越し、有鰾魚は主として夏か
ら秋にかけて出現していたものと考えられた。バルク動物プランクトンバイオマスの指標となる Sa の季節変化は、




6 月に認められたが、この時期 Sa はまだ増加に転じたばかりで値も低く、上記の通り下層に多く分布していた。
これらより、ブルーム期には動物プランクトンの植物プランクトンに対する摂餌圧は低く、基礎生産産物の水柱
中での消費は低いものと考えられた。ベーリング海の Pelagic-benthic coupling は近年弱まっているが、カナダ多島
海では未だ強固であると報告されている。本研究の結果は、カナダ多島海同様にチャクチ海南部においても
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Arctic Pacific is experiencing profound ecosystem changes due to human (direct and indirect) pressure, including global 
warming and exploitation of marine resources. In this sense, warming and reduction of summer sea-ice cover have large 
implications for the ecosystem functioning, likely related with alterations in growth, abundance, distribution and phenology of 
marine organisms.  Moreover, Bering and Chukchi Seas are among the most productive ecosystems and sustain one of the 
largest fisheries industry.  The overfishing has led to the collapse of crab fisheries in the southeastern Bering Sea since early 
1980s, closing most of the stocks for harvesting.  The new scenario of warming and sea-ice retreat open new fishery 
perspective, since northern unexploited areas are now more accessible to the fishing vessels.  Therefore, it is necessary to study 
the current state of the Arctic populations to predict ongoing changes related with both global warming and fishing pressure 
and so, be able to make decisions for ecosystem management.  Most studies in this region are mainly based on benthic adult 
populations while little is known for planktonic larval stages.  During the larval phase the highest mortality rate (90%) of the 
life cycle occurs, so it is a key issue to understand the population dynamics for the fisheries management.  Recently, reduction 
of the ice-covered area during summer become pronounced and its effects on mesozooplankton community has already been 
reported, while no information is available about how the decapod larvae response to such drastic environmental changes.  
This study analyzes zooplankton samples from Bering Sea to Chukchi Sea during the consecutive summers of 2007 and 2008 
to evaluate changes in decapod larvae community in this region. 
Zooplankton samples were collected by vertical tows of NORPAC net (mesh size: 315 µm) at 138 stations in the Bering 
and Chukchi Seas from 20 July to 13 August of 2007 and from 4 June to 13 July of 2008.  Bottom trawls were made at 15 
stations covering the same area.  At each station, CTD casts were made and chlorophyll concentrations were measured using 
the water from Niskin bottle samples. Plankton samples were preserved with 5% formalin seawater immediately after 
collection.  Bottom trawl samples were sorted, identified and weighed to calculate the CPUE (kg h-1).  In the land laboratory, 
all decapod larvae were sorted and identified to species level from plankton samples. To compute larval abundance, all counts 
were converted to total number of individuals per square meter of sea surface area (ind. m−2). For the numerically dominant 
species: snow crab (Chionocetes opilio), the carapace length of zoea I, II, and megalopa (ZI, ZII, M) were measured by 
eyepiece micrometer.  
In total, 8 families, 11 genera, and 18 species were identified.  For both years, the most dominant species/taxa were the 
hermit crabs Pagurus spp., followed by the spider crab Hyas spp., and the commercially important tanner crab (Chionoecetes 
bairdi) and snow crab (C. opilio) were also dominant.  For most of the species, the abundances were greater during 2008 than 
2007 (mean abundance was 90 ind. m-2 in 2008 while 49 ind. m-2 in 2007).  Species diversity was also higher in 2008.  Most of 
the species occurred throughout the region, while C. bairdi was restricted to the southeastern Bering Sea shelf.  During 2008, 
larval abundance of most decapod species were higher in the Chukchi Sea.  Regarding larval stages, C. bairdi, C. opilio, and 
Hyas spp. dominated by earlier development stages in 2008 larval stages than those of 2007 (p < 0.01, U-test).  The body size 
of C. opilio showed a significant latitudinal pattern, in which larger carapace length occurred at higher latitudes for ZI, ZII, M.  
The analysis of environmental parameters showed that ZI had highly significant negative correlation with temperature (p < 
0.001), ZII had no correlation with temperature while had positive correlation with chlorophyll a (p < 0.05), whereas M had no 
correlation with any of these environmental parameters.  Concerning benthic adults collected by bottom trawl, C. bairdi 
dominated the catches in the southeastern Bering Sea shelf, C. opilio were particularly abundant around St. Lawrence Islands 
and hermit crabs dominated the samples in the Chukchi Sea.  In general, the distribution and composition of benthic adults 
corresponded with those of planktonic larvae. 
Annual changes in abundance and developmental stage structure of planktonic larvae seem to be related to the one-month 
delay in sampling period (thus, July-August in 2007 while June-July in 2008) and not determined by the contrast 
environmental conditions observed in both years.  In fact, the results suggest a similar seasonal timing of larval release for both 
years.  To detect phenological changes in response to climate change, a larger time-series sampling is needed in the future.  
However, it seems clear that changes in temperature conditions can modify the body size of early larvae (ZI) at higher latitudes, 












えられている（Matsuno et al. 2011）。カイアシ類は同海域の食物網において非常に重要であるため、これらの環境
の影響を定量化し、将来的な気候変動に対する応答を明らかにする必要がある。そこで本研究では、北部ベーリ
ング海およびチャクチ海におけるカイアシ類分布と海洋環境との関係を明らかにすることを目的とした。カイア













（Anadyr Water や Bering Shelf Anadyr Water）の組み合わせであった。また、北極海産小型種の個体数が多かった











Table 1. 最適モデル 
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 s(aTSR)+ s(PC1)+s(PC2)+s(PC3)+s(Chl.aUPP)+s(Chl.aBOT)+s(Bdepth)+ ɛ 92.4 0.94
	 s(aTSR)+ s(PC1)+s(PC3)+s(Chl.aUPP)+s(Chl.aBOT)+s(Bdepth)+ ɛ 89.9 0.88

 s(aTSR)+ s(PC1)+s(PC2)+s(PC3)+s(Chl.aBOT)+s(Bdepth)+ ɛ 75.3 0.38
  DevianceExplained (%)
  
北部ベーリング海・チャクチ海における	
ホッキョクダラ（Boreogadus saida）仔魚の分布と海洋環境との関係  
 













プルは、北海道大学水産学部練習船おしょろ丸が 2008 年、2013 年の夏季に北部ベーリング海・チャクチ海にてボ




きく異なっていた（0.0—70.0 inds. m-2）ため、密度 4.9 inds. m−2を閾値として閾値以下の地点を低密度地点、閾値
以上の地点を高密度地点とした。低密度地点は Norton Sound および St. Lawrence Island 南部に、高密度地点はチャ
クチ海北部海域周辺に存在していた（Figure 1）。低密度地点と高密度地点の海洋環境を比較した結果、SST・SSS
が低く、dSRT が短い地点でホッキョクダラ密度が高く、逆に SST・SSS が高く、dSRT が長い地点でホッキョク
ダラ密度が低い傾向が見られた（p < 0.05）。水柱の環境には統計的な差はなかったが、高密度地点が存在してい
た地点は Ftemp が低かった（-2.0–0.5 oC）。さらに、ホッキョクダラと海氷の関係を詳しく調べると、dSRT が短
い地点では密度が低く、長い地点では密度が高いという弱い負の相関関係（r=-0.49,p<0.01）がみられた。また、
dSRT が短い地点では全長が小さく、長い地点では全長が大きいという正の相関関係(r = 0.55, p <0.01)もあることが
明らかになった。これらは、ホッキョクダラが開氷直後の海域で孵化していることを示唆している。また、海氷
下で孵化していることから、表層の環境が本種の分布に影響していると推測されてきた。しかしながら、過去の
室内実験の結果より、ホッキョクダラの適水温は 0.5 oC 以下（Sakurai et al. 1998）と言われており、本研究のホッ




Figure 1.  ボンゴネットにより採集されたホッキョクダラ仔魚の分布.a)	2008 年 b)	2013 年.丸の大きさは密度を示す。	
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Seabirds as indicators of changing marine food webs and pollution 
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海鳥の移動と体組織の化学マーカーから海洋生態系のカギ種や海洋汚染の海域間差を知ることができる。ハシボ
ソミズナギドリ（Puffinus tenuirostris）は、11 月から翌年 4 月にかけてオーストラリア南東部やタスマニア島で繁
























図 1 非繁殖期における利用海域の個体差           図 2 非繁殖期を過ごした海域とそこで生え変わった羽根の水
銀濃度 
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Diets and body condition of polar cod (Boreogadus saida) 
in the northern Bering Sea and Chukchi Sea 
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To understand trophic responses of polar cod Boreogadus saida (a key species in Arctic food webs) to changes in zooplankton 
and benthic invertebrate communities (prey), we compared its stomach contents and body condition between three regions 
with different environments: the northern Bering Sea (NB), southern Chukchi Sea (SC), and central Chukchi Sea (CC). Polar 
cod were sampled using a bottom trawl, and their potential prey species in the environment were sampled using a plankton net 
and a surface sediment sampler. Polar cod fed mainly on appendicularians in the NB and SC where copepods were the most 
abundant in the environment, while they fed on copepods, euphausiids, and gammarids in the CC where barnacle larvae were 
the most abundant species in plankton samples on average. The stomach fullness index of polar cod was higher in the NB and 
SC than CC, while their body condition index did not differ between these regions. The lower lipid content of appendicularians 
compared to other prey species is the most plausible explanation for this inconsistency.                                                                                                                                                                  
                      
Fig. 1                                                 Fig. 2                                                                                                                                                                            
                                                                                                                           
Fig. 1 Sampling stations (St) and abundance of polar cod (catch per unit effort as number of fish per km2 of area swept by bottom trawl) in 
the northern Bering Sea (NB), southern Chukchi Sea (SC), and central Chukchi Sea (CC). No fish were collected at St03 
 
Fig. 2 The percentage composition of prey taxa, shown by the index of relative importance (%IRI), found in the stomachs of polar cod 
collected in the northern Bering Sea (NB), southern Chukchi Sea (SC), and central Chukchi Sea (CC). Sample sizes (number of stomachs) 
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Foraging ecology of thick-billed murres in the Bering Sea:  
variability in relation to ocean thermal structure 
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Southeastern Bering Sea is one of the most productive areas in the world where huge amount of predators inhabit. During 
recent decades, the area has experienced series of warm and cold regimes that lead abrupt changes in plankton and nekton 
community (Coyle et al. 2011). In this context, potential impacts of changes in the ocean thermal structure on apex predators 
have attracted ecologist’s attention. The aim of this study was to reveal how variability in ocean thermal structure affects the 
foraging ecology of thick-billed murres (a representative seabird species in the Bering Sea). The field study was conducted on 
Saint George Island, Bering Sea, in 2004, 2006, 2007, 2013, 2014 and 2015 covering a series of warm and cold regimes. Small 
accelerometers were attached on chick-rearing thick-billed murres, and behavioral data was obtained from 12, 5, 4, 9, 12and 7 
birds successfully in the 6 years. Trip and flight durations, dive depth, Sea Surface Temperature (SST), thermocline depth and 
intensity, temperature at depth (>40m) in the foraging area were analysed with the acceleration, depth and temperature records 
(Kokubun et al. 2010). Prey species were also observed. Assuming the temperature at depth (>40m) as an indicator of the 
annual thermal condition, 2015 (6.5±0.9oC) was the warmest year followed by 2004 (5.4±0.8oC), 2014 (4.9±1.0oC), 2006 
(4.5±1.0oC), 2013 (3.7±0.9oC), 2007 (2.4±1.2oC). Thermocline detected in the foraging area was most intense in 2007 
(6.0±1.5oC) followed by 2014 (5.4±1.4oC), 2013 (4.9±1.4oC), 2004 (4.3±1.2oC), 2015 (3.7±0.9oC) and 2006 (3.6±1.2oC). In 
the years with intense thermocline (2007, 2014 and 2015), birds spent more time foraging in stratified waters (87-97%), 
whereas the birds also used mixed waters (11-28%) in 2006, 2015 and 2004 with less intense thermocline. In all years there 
was a peak of dive depth near thermocline depth (17-54% of dives), but in the coldest year 2007, there was another prominent 
peak (36% of dives) in deeper depths (>50m). Annual breeding success of the birds were positively correlated with 
thermocline intensity (r = 0.864) and negatively correlated with temperature at depth (r = -0.819). In summer, small fishes such 
as age-0 walleye pollock aggregate near thermocline depth, whereas recruitment of larger fishes including age-1 pollock 
increases during cold years. Intense summer thermocline is caused by cold previous winter when production of sea ice and 
cold pool is enhanced, and/or increased heating of sea surface during summer. Intense thermocline under such environmental 
conditions may lead high feeding efficiency of the birds through aggregation of small fishes. Especially in the colder years, 
large fishes with presumably slow swim speed may be available in addition to the small fished around thermocline. We will 




かってきた(Coyle et al. 2011)。このような水温構造の変化が、海洋生態系の栄養の流れを通じて、高次捕食者にど
のような影響を及ぼしているかが注目されている。そこで本研究では、同海域の代表的な潜水性の海鳥であるハ
シブトウミガラスの採餌行動を複数年にわたり計測することで、海洋の水温構造の変化が高次捕食者の採餌生態
にどう影響しているか明らかにすることを目的とした。温暖期と寒冷期をまたぐ 2004 年、2006 年、2007 年、
2013 年、2014 年、2015 年の夏期、ベーリング海のセントジョージ島で、ハシブトウミガラスに小型加速度記録計
を取り付け、それぞれ 12 個体、5 個体、4 個体、9 個体、12 個体、7 個体から行動記録を得た。加速度・深度温度
記録を用いて、鳥のトリップ長と飛行時間、潜水深度、鳥の採餌エリアの表面水温(SST)、温度躍層の深度、強度
(温度躍層上下の平均水温差)、深い深度(>40m)の平均水温を分析し(Kokubun et al. 2010)、さらに鳥の持ち帰った餌
の種類を調べた。鳥の採餌エリアでの深い深度の水温を指標とすると、2015 年(6.5±0.9oC)、2004 年(5.4±0.8oC)、
2014 年(4.9±1.0oC)、2006 年(4.5±1.0oC)、2013 年(3.7±0.9oC)、2007 年(2.4±1.2oC)の順で水温環境は温暖だった。鳥の
採餌エリアで見られた温度躍層は、2007 年(6.0±1.5oC)、2014 年(5.4±1.4oC)、2013 年(4.9±1.4oC)、2004 年(4.3±1.2oC)、
2015 年(3.7±0.9oC)、2006 年(3.6±1.2oC)の順に強かった。このような水温環境の違いに関連して、採餌行動にも違い
が見られた。比較的温度躍層の強い 3 年間(2007 年、2014 年、2015 年)には、鳥は温度躍層のある海域を利用する
割合が高かった(87-97%)一方、比較的温度躍層の弱い年(2006 年、2015 年、2004 年)には温度躍層のない海域も利
用していた(11-28%)。どの年にも躍層付近に潜水深度のピークが見られたが(全潜水の 17-54 %)、特に寒冷だった
2007 年には、50m 以深の深い深度にもう１つの潜水のピークが見られた(全潜水の 36%)。各年の鳥の繁殖成績は、
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The jellyfish buffet: jellyfish enhance seabird foraging opportunities by concentrating prey 
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The rapid increase in jellyfish biomass and its impact on marine ecosystems is of great concern for the world’s oceans. Jellyfish 
are generally thought to have indirect negative impacts on higher trophic level predators, through changes in lower trophic 
pathways. However, high densities of jellyfish in the water column may affect the foraging behaviour of marine predators more 
directly, and the effects may not always be negative. Here, we present novel observations of a diving seabird, the thick-billed 
murre, feeding on fish aggregating among the long tentacles of large jellyfish, by using small video loggers attached to the birds. 
We show that the birds encountered large jellyfish, Chrysaora melanaster, during most of their dives, commonly fed on fish 
associated with jellyfish (Figure 1), and appeared to specifically target jellyfish with a high number of fish aggregating in their 
tentacles, suggesting the use of jellyfish may provide significant energetic benefits to foraging murres. We conclude that jellyfish 
provide feeding opportunities for diving seabirds by concentrating forage fish, and that the impacts of jellyfish on marine 
ecosystems are more complex than previously anticipated and may be beneficial to seabirds. 
Figure 1. Young age fish were aggregated among tentacles of a large jellyfish. 
  
Arctic NEMURO モデルの開発と海氷域生態系研究への応用 
 








 西部北極海ノースウィンド深海平原 Station NAP に設置されたセディメントトラップ係留系による時系列観測結
果から、極夜が始まる 10 月以降に新鮮な有機物粒子や鉱物を多く含む沈降粒子量極大が捉えられており、水深の
浅い陸棚域からの水塊輸送との関係が示唆されている。発表者らはこれまでに、北極海全域を対象にした海氷海
洋物理モデル COCO に低次海洋生態系モデル NEMURO を結合させた上で季節変動実験を行い、生物生産性の高
いチャクチ陸棚水がバロー峡谷の沖合で生成された海洋渦によって輸送されるプロセスが動植物プランクトンの
生息環境向上にとって重要であることを明らかにしてきた [Watanabe et al., 2014]。 
 同じく Station NAP のセディメントトラップで捕集された夏季の試料に着目すると、2011 年にはアイスアルジー
（海氷に付着する藻類）を多く含む沈降粒子量極大が捉えられている一方で、翌年の 2012 年は沈降粒子量が全体
的に少ないことが報告されている [Onodera et al., 2015]。そこで本研究では、上記の低次海洋生態系モデルに新た
にアイスアルジーを含む海氷生態系を組み込み（Arctic NEMURO と命名）、海洋循環変動とそれに対する生態系
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Prediction System for the Pan-Arctic sea ice with the MIROC Climate Model !
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Under the GRENE project, we have developed the prediction system for the Pan-Arctic sea ice with the climate model 
MIROC5 (Watanabe et al., 2010) that has an improved sea ice module (Komuro et al., 2012). So far we have conducted a 
series of assimilation experiments and prediction experiments. Here we present the newest experiments and discuss their 
results. We performed assimilation experiments from 1975 to 2011 using the MIROC5 whose the atmosphere component has a 
resolution of T42 and L40 and the ocean component has a resolution of 1.4o x 0.5o - 1.4o and 50 levels. The method used for 
the assimilation is a simplified version of an incremental analysis update (Tatebe et al., 2012). The data used for the 
assimilation are ocean temperature, salinity, and sea-ice (Ishii and Kimoto, 2009), and air-temperature and wind from the ERA 
and ERA-Interim. Further, we carried out ensemble prediction experiments with 8 members, which were initialized by the 
assimilation experiments. These experiments were started from initial state of January, April, July, and October. We compared 
the reproducibility of sea ice in September and investigated the predictability. The assimilation followed the observed trend 
and inter-annual variations in sea ice well. In contrast, the prediction started from July captures well the observed features 
except for 2007 (Fig. 1a), but not for January, April, and October cases (not shown). Anomaly correlation coefficient (ACC) at 
three month lead time is 0.78 for detrended SIE anomaly, which is good skill. ACC for July start experiment is high until five 
month lead time (Fig. 1b). RMSE increases during summer season due to the ice-edge error (not shown). In addition to above 
experiments, we have participated in the Arctic Predictability and Prediction On Seasonal to Inter-annual Timescales 
(APPOSITE) project and performed control simulation and ensemble predictions with MIROC 5.2, following the APPOSITE 
protocol, to investigate the Arctic sea-ice predictability. It was found, from lagged correlation analysis using our APPOSITE 
control-run data, that the potential predictability were 1-2 and 2-3 years for sea-ice extent and volume (not shown), as in the 
previous studies (Blanchard-Wrigglesworth et al., 2011a). Furthermore, two re-emergence features can be seen in the sea-ice 
extent, which is attributed to the memory of ocean temperatures and sea-ice thickness. We have currently been developing the 
sea ice assimilation system with the Ensemble Kalman Filter and also examined the further key processes for improving the 
Pan-Arctic sea ice prediction system, which will be discussed during the poster presentation. 
!
Figure 1.  (a) Time series of September SIE anomaly in the Northern Hemisphere from 1980 to 2012, for observation (OBSE), assimilation 
(ASSI), historical-run (HIST), prediction of three months lead time (LT03). Anomaly correlation coefficient (ACC) at three month lead time 
is 0.78 for detrended SIE anomaly, which is good skill. (b) Lead-time dependence of SIE ACC for January (purple), April (blue), July (red), 
and October (cyan).  !
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Introduction 
Recent rapid decrease in the summer Arctic sea ice extent, together with climate model predictions of additional ice reduction 
in the future, have attract the interest of Arctic shipping routes. However, the precise prediction of ice distribution is crucial for 
safe and efficient navigation in the Arctic Ocean. In general, however, most of the available numerical models have exhibited 
significant uncertainties in short-term and narrow-area predictions. Ensemble predictions of short-term sea-ice conditions 
along the ASR have been carried out using a high-resolution (2.5km) ice–ocean coupled model that explicitly treats ice floe 
collisions in marginal ice zones. In this study, the ensembles are constructed by using forecasted atmospheric forcing data sets 
from THORPEX Interactive Grand Global Ensemble (TIGGE)) project in 2015 and the ice and ocean conditions estimated by 
the model (De Silva et al., 2015). The correlation score of ice edge error and sea ice concentration distribution quantifies 
forecast skill. Skill scores are computed from 5-days ensemble forecasts initialized in each month between May 2015 to 
October 2015. Comparison of different ensemble atmospheric forecasts, using different months initial data sets, revealed that 




A high-resolution (about 2.5km) ice–ocean coupled model used in this study is based on the model developed by De Silva et al. 
(2015). The ocean model is based on generalized coordinates, the Message Passing Interface version of the Princeton Ocean 
Model (POM; Mellor et al. 2002). The ice thermodynamics model is based on the zero-layer thermodynamic model proposed 
by Semtner (1976). The ice rheological model is based on the elastic–viscous–plastic (EVP) rheology proposed by Hunke 
(2001) and is modified to take ice floe collisions into account, following Sagawa & Yamaguchi (2006). Model domain is 
constructed using Earth Topography one-minute Gridded Elevation Dataset (ETOPO1). High-resolution computations are 
initialized using interpolated whole-Arctic model results and AMSR2 sea-ice concentration as described in De Silva et al., 
(2015). The atmospheric forcing are given by the TIGGE (Bougeault et al. 2010) dataset, which has been developed as part of 
THORPEX. TIGGE provides operational medium-range ensemble forecast data for non-commercial research purposes through 
its data portals. The seven operational ensemble prediction systems used here include the China Meteorological Administration 
(CMA), the Canadian Meteorological Center (CMC), the European Centre for Medium-range Weather Forecasts (ECMWF), 
the Japan Meteorological Agency (JMA), the France Metrological Office (FMO), the United Kingdom Meteorological Office 
(UKMO), and the US National Centers for Environmental Prediction (NCEP), as of July 2015.  
 
Discussion 
To evaluate the different atmospheric datasets we used the correlation score of ice edge error and sea ice concentration 
distribution. The ice edge error is defined as follows. First, the difference in the ice areas between the models predictions and 
AMSR2 satellite observations are calculated. Note that area covered with ice concentration more than 15% is taken into 
comparison. Next, dividing the length of the model predicted contour of the ice concentration of 15%, we obtain the ice edge 
error with the dimension of length. The results of the 5days (20 to 25 July 2015) forecasted ice edge error and the hindcast 
(ERA) using ERA-Interim data is shown in Fig. 1. 
Figure 1. Ice edge error between different forecasted datasets and AMSR2 
  
There were no significant differences of ice edge error between different forecasted datasets and ERA-interim hindcast data. 
Within 5 days average ice edge among seven-forecasted dataset is 9.28±2.44 km. During the computation period the JMA 
showed best ice edge error prediction of 8.89±2.57km and the UKMO shows worst ice edge error prediction of 10±3.41 km. In 
addition to the quantitative comparisons of ice edge error, we compared the sea-ice concentration distribution qualitatively. Fig. 
2 shows the difference between the model and AMSR2 sea-ice concentrations after the 5th day of computation (25 July 2015).  
Figure 2. Difference between model-predicted ice concentration and AMSR2 (model - AMSR2) 
 
Southern part of the domain, difference in sea ice concentration is higher compared to the other regions. This discrepancy 
could be due to the under estimation of heat transfer process between ice and ocean. However, sea ice spatial distribution 
between different datasets has no significant difference. 
 
Conclusion 
Sea ice forecasted skill of different dataset (TIGGE) is evaluated in the study. Average forecast skill of ice-POM model is 
9.28±2.44 km that is in good agreement with the requirement of operational ice navigation system (10 km). The current study 
partly includes the preliminary results of the melting season. To improve the model forecast accuracy, the further studies 
would be necessary in freezing season. 
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が増幅されることも指摘されており、この polar amplification と呼ばれる現象には海氷激減が関連していると考え
られている（Bekryaev et al., 2010）。本研究では北極海の急激な変動の要因の一つとして海氷－海洋アルベドフィ
ードバック効果に着目する。これは開水面と海氷表面とでアルベド（日射に対する反射率）が大きく異なる（そ
れぞれ 0.07 および 0.7 程度）ことに起因して生じるものであり、一旦海氷密接度が低下すると開水面に入る日射
熱が海氷を融解させ、さらに密接度が低下する正のフィードバック効果である。このフィードバックは南極海や
オホーツク海といった季節海氷域の海氷後退をコントロールする要素の一つであることが明らかになっており
（Niahsi and Cavalieri, 2006; Niahshi et al., 2011）、近年は季節海氷域化しつつある北極海においても重要な役割を
持つことが期待される。しかし、現状では北極海太平洋セクターで海氷密接度の減少と対応して開水面から吸収





量的に評価した。本研究で使用したのは、1979－2012 年の期間の衛星マイクロ波放射計（SMMR および SSM/I）
による海氷観測データの他、海氷漂流速度、ice age データ、ICESat 氷厚データ、および気象再解析データ（ERA-
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The commercial use of Northern Sea route (NSR) has been increased with developing offshore oil and gas in North Sea and 
transporting them from Europe to Asia. The improvement of ship performance both of ship structural safety and 
maneuverability in ice-covered water have been strongly desired with increase in the number of voyages and volume of 
cargoes transiting the NSR. In order to improve the structural safety and maneuverability of ice-going vessels, it is vital issue 
to estimate the ice force distributions acting on the ship. This study develops a numerical model for simulation of ice 
clearances and/or ice breaking when a ship is advancing into ice-covered waters. The ice force distributions around ship are 
calculated by the developed model. Figure 1 shows numerical results of ice clearance and ice breaking when an icebreaker is 
advancing into pack ice. The ice floes are broken or eliminated by the icebreaker, depending on the size of ice floes. The 
numerical results of ice force distributions are used for calculations of a structural response of ship hull and a ship motion 
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ど現象はたいへん複雑である。一般に、開放水面では、飛沫発生は風速と波高に関連づけられる(Jones and Andreas, 





の粒径計測範囲を 32 分割し、粒子の粒径とその個数を 1 秒毎に記録できる。雨量計型しぶき計は船舶用雨量計に
しぶき捕捉部を取り付けた構成である。両しぶき計とも海水飛沫の連続観測が可能である。 
観測は大型砕氷船である「しらせ」（基準排水量約12,650[t]）の開放水面航行期間に2航海（JARE-55、 JARE-
56）実施した。SPC 型しぶき計は最上層甲板（06 甲板）中央に、雨量計型しぶき計は暴露貫通甲板(01 甲板)左・
右舷に 1台ずつ設置した。海水飛沫の飛来量（しぶき量）と粒径分布の計測データは、しらせで計測されている気
象データ、航行データを用いて解析した。風速、風向、船速、船首方向、うねり、風浪のデータとしぶき量との
相関分析を実施した結果、1 時間当りのしぶき量と相対風速の間に最も強い相関が見られた。Figure 1 に 06 甲板



















Figure 1  Correlation diagram of the amount of seawater spray 
measured by the SPC and relative wind velocity. 
  
ܴܲ ൌ ௐೞሺ்೑ି்ೌ ሻଵି଴.ଷሺ்ೢ ି்೑ሻ (1) 
 
ここで、 ௦ܹ は風速、 ௔ܶ、		 ௙ܶ、		 ௪ܶ はそれぞれ気温、結氷温度、海水温である。しかし、(1)式分母では着氷速度
がしぶき量によって一義的に決まるという仮定を用いて定数 0.3 を導いており、分子が気温に依存して増加するこ
とと矛盾するという指摘がある(Makkonen et al., 1991)。結氷温度に近い海水では、分母を 1として扱っても差し支
えないので、ここでは ௦ܹሺ ௙ܶ െ ௔ܶሻ の有効性を研究した。船体着氷と防波堤灯台に成長する海水飛沫着氷は同様の
現象であるので、本研究では防波堤の設置した約 4 m の灯塔を望遠カメラでインターバル撮影した画像を用い、着
氷の成長と気象の間の関係について調べた。気象データは浜益アメダス（気象庁）の気温、風速、風向を浜益防
波堤の値に換算して用いた。また海象データとして海面水温（気象庁）を参照した。海水の結氷温度は–1.9℃を
用いた。Figure 2 に着氷断面積の増加量と ௦ܹሺ ௙ܶ െ ௔ܶሻ との関係を示した。 ௦ܹሺ ௙ܶ െ ௔ܶሻ の増加とともに着氷断面
積は単調に増加する結果となった。飛沫着氷は、飛沫の発生、飛沫の飛来、灯台の捕捉率、着氷率（熱収支など）








氷力が著しく低下する(Ozeki et al., 2012)。したがっ
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Figure 2  Relationship between predictor (product of air tem-








Examination of risk assessment method on collision between a ship and a bergy bit 
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4. 求めたエネルギー消費量を用いて Daley and Kim[2]の解析手法より以下の式で船舶にかかる荷重を求める． 
𝐹𝑛 = 𝑃0𝑓𝑎
(1+𝑒𝑥) (








では Daley and Kim[2]と同じ値を用いる． 
 
3. 解析結果及び結論 
 図 1 に衝突直前までの船を上から見た様子の数値解析の様子を示す．本解析では，船の速度は 5 ノットと仮定
した．図 2 に進行方向の右側からの衝突直前の様子を示す．実船の数値解析により衝突直前の氷片の速度は
0.812m/s（船速の 31.6%）になった．STAR-CCM＋v8 は衝突が扱えないため船舶と氷片が近づくと解析が強制的に
止まる．その時の船と氷の間の距離は約 1.8m になった． 
Daley and Kim[2]の解析手法より船舶への荷重を計算する．その際に用いるパラメータを Table1 に示す． 
  
Table 1.  Example vessel and ice parameters 
Parameter  value unit 
Mass of the ship M 150 kT 
Ice pressure term P0 3.0 MPa 
Exponent on pressure-area function ex 0.1  
Pyramidal angle   deg. 
Representative length of the ice  20 m 






解析の結果より船舶にかかる荷重は 9.5MN であり，9.5MN に耐えられるように設計することによって直径 20m
の氷塊と衝突しても安全である． 
氷の衝突直前の速度を，上記の結果を敷衍して船速にかかわらず 31.6%と表せると仮定し，船速 10 ノットまでの
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 Fig1．Simulation resuts, top view 








Solution Time 5.30s 
Fig2．Simulation results of just before the collision, starboard 
side view 








Ice navigation according to the ability of the icebreaker using vessel radar images 
 
Toshiyuki Takagi1, and Kazutaka Tateyama2 
1Department of Electrical Engineering, National Institute of Technology, Kushiro College 
2Department of Civil and Engineering, Faculty of Engineering, Kitami Institute of Technology 
 
The sea ice has caused significant damage to vessels in the Arctic. There have been over 200 reported 
damage events over the past 25 years. It is important to avoid the collision with the sea ice, and to select 
the route to save the fuel and time safety. However, it is not easy to select the best sea route promptly and 
safely because the shape and the distribution of the sea ice are very complex. In this paper, the selection of the 
sea route on the ice sea is formulated as the find-path problem. The path between the start and the goal is decided by using the 
Dijkstra's algorithm as a query. Our system is introducing not only the distance between the start and the goal but also the ice 



















Fig.1 は 2012 年 8 月カナダ沿岸警備隊の砕氷船ルイ・S・サンローラ
ンによって北緯 79°57,236、西経 142°31,540 で採取された船舶レー






のノード間 i と j 間距離を d(i,j)としたとき、位置 j における海氷密接度
に対する船速を f(j)とすると、ノード間の評価関数は次式によって示さ
れる。 




Figure1.  A radar image 
3.0 NM 0 
3.0 NM 0 
Figure2. A contour map  
        of sea ice concentration 
  
３．シミュレーション結果 
 Fig.4 のグラフは Fig.3 の海氷密接度と船速の関係を平水中の船速
で可能な海氷密度と航行不能な海氷密度を接続した３つの区分に分解
した区分線形関数に近似することによって砕氷船の砕氷特性を表して
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Figure3. Relation between ship speed 
and sea ice concentration 
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Figure4. Simulation Results 
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Study of route optimization for the Northern Sea Route 
 
 


















2. 使用データ、探索手法  
	 使用データは海氷・海洋数値モデル Ice-POM(Princeton Ocean Model)による計算値、人工衛星による海氷観測デ
ータ、NSR 実航行データ、海氷長期予測データの 4 つである。Ice-POM は De Silva et al.[4]による海氷・海洋連結
モデルであり、本研究ではその北極海全域モデル（水平解像度 25km、233×274 格子）による、2011 年 9 月から
10 月の 2 ヶ月間について海氷密接度の初期値を±10%で変化させて 31 回のアンサンブル予測計算を行った結果を
用いた。人工衛星データは、実航行航路と比較する最適航路探索を行うためのマイクロ波放射計 Advanced 
Microwave Scanning Radiometer 2(AMSR2)による水平解像度 10km の海氷分布データを用いた[5]。NSR 実航行デー
タは船速と氷況について解析するため、共同研究者である北日本港湾コンサルタント株式会社[6]の大塚氏の提供
による自動船舶識別装置 Automatic Identification System (AIS)のデータを用いた。Ice Index＜15 の範囲での Ice Index
と船速低下率の関係を Figure 2 に示す。実航行データなので非常にバラついているが、それでも 0.718 の相関係数
が得られている。長期予測データは全球気候モデルのひとつである MIROC5 (Model for Interdisciplinary Research On 
Climate, ver. 5) (Watanabe et al. (2010)[7]) による計算結果を用いた。また最適航路探索に際し、A*アルゴリズムを
用い航路探索を行う。氷況からの船速推定には Ice Index 法を
用いる。 
 
3. 結果  
	 まず、Ice-POM によるアンサンブル予測計算結果を用いて
最適航路探索を行った。氷厚 0.6 m まで砕氷可能とし、2011





探索した。探索の際の評価関数は式(1)にした。𝑤! = 1,𝑤! =100,𝑤! = 1,000,000として得られた結果を Figure 3 に示す。 
 
Figure 1.  Schema of navigation support system[1]. 
 
Figure 2 Relationship between ship-speed reduction rate 
and Ice Index. 
  
 cost function =　 𝑤!× distance nm+ 𝑤!× time hours+ w!× failure rate  (1) 








らない解析を行った。Ice Index が 15−20 の範囲においては実航
行データのバラつきが大きいため国際北極海航路計画
（INSROP, International Northern Sea Route Programme）で行われ
















	 今後海氷域が縮小を続けるのに伴って、NSR 通航にかかる時間は 10-20%減少するとともに航行可能期間が拡大
する見込みがあり、スエズ運河経由等の南回り航路に対する優位性は増していくものと考えられる。北極海の海
氷は気候モデルの予測を大幅に超えて減少を続けており、今後数十年で夏季には海氷の影響を受けない航路選定
（いわゆる Trans-polar route）が出来るようになる可能性もある。 
 
5. 今後  
	 本研究では今後、𝑤!~𝑤!の各評価関数の値の変更とそれに伴う航跡の変化、新たに𝑤! (money[USD])を導入し、
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Figure 3 Optimized route (light blue: independent, 
blue: escorted by icebreaker) Color indicates mean ice 
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Feasibility of the Northern Sea route is examined in terms of navigability and shipping cost. Parameter which multiplying sea 
ice concentration by sea ice thickness along the Northern Sea Route showed good relationship between actual ship speed that 
detected by satellite AIS. And shipping cost of iron ore, liquid bulk, finished car, LNG and container via the Northern Sea 




連貨物の輸送が実施されるようになり、2013 年には 71 航海、136 万ﾄﾝの貨物が輸送されるまでに増大した。しか










近年、北極海航路の夏期の航行は 6 月末～11 月末の約 5 ヵ月間となっている。また、2010 年以降の北極海航路を
横断した航海の平均速度は、8 月以降は約 10kn、海氷の状況がまだ厳しい 6~7 月は航海日数が多くなっているが、








   Figure 1. 北極海航路横断航行日数.          Figure 2 ［密接度×氷厚］と船速の関係 
筆者らは 2014 年から、北極海航路を航行する船舶の実際の航行位置及び船速を衛星 AIS にて取得してきた。この
うち 2014 年 6～8 月及び 10 月における 19 隻の航行事例について、航行位置における海氷密接度及び氷厚と航行
速度の関係を分析した。ここに、海氷密接度は衛星搭載マイクロ波放射計 AMSR2 観測データを基に JAXA が提供
する 10km×10km 精度の日平均データを利用、海氷厚は推定式（R. A. Krishfield, 2014）を用いて同じく AMSR2 の
輝度温度から計算した。海氷密接度と氷厚を乗じたパラメータと、日平均の船速の関係を調べた結果を Figure 2 に
示す。アイスクラス PC4 の船は、海氷があっても夏期なら単独航行する能力があり、この事例の中では氷況によ






























る(Nagakawa et al., 2015.)。LNG はその傾向がさらに大きくなる。したがって、今後北極海で生産されるヤマル
LNG のアジア地域への輸送コストは、LNG タンカーが短い期間で輸送できるかどうかによって、距離がわずかに








  Table 1. 北極海航路による輸送コスト分析 











欧州～日本 欧州～日本 欧州～日本 
船型 7.5 万 DWT 25 万 DWT 10 万 DWT 3800CEU 6500CEU 
砕氷型 17
万 m3 
14.7 万 m3 4000TEU 
9000TEU 
20000TEU 
距離 6,135NM 12,694NM 8,125NM 12,337NM 7,107NM 11,617NM 5,084NM 6,670NM 7,356NM 11,417NM 
輸送ｺｽﾄ 14.6 13.5 18.3 27.1 330 389 23.7 17.5 1,186 
1,109 
715 
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る体制を目指して「北極域データアーカイブシステム」(以下，ADS：Arctic Data archive System) の基盤構築を進
めている。現在、ADS では，次のような 3 つサービスを開発運用している。1)極域研究に関わる他分野のデータ
の相互流通を実現する KIWA。2)衛星データおよびモデル計算結果のグリッドデータをブラウザ上で可視化・解析
する VISION。3)地球観測衛星データを利用した極域監視ウェブサイト VISHOP。本研究発表では VISHOP による
衛星データの準リアルタイム可視化サービスを紹介したい。 
VISHOP(Visualization Service of Horizontal scale Observations at Polar region)は、地球観測衛星によって得られた衛
星データを準リアルタイムで可視化を行う Web サービスである。日々更新される衛星データは、JAXA より ADS
へ転送される、転送されたデータの可視化および表示を ADS のサーバー上で行っている。可視化された最新の衛
星データは ADS の Web サイト(https://ads.nipr.ac.jp/)にアクセスすることで確認することができる。このような衛星
データを可視化する類似の Web サービスは海外の研究機関によって行われることが多かったが、GRENE 事業期間
中に、国内でも類似のサービスが多く始められるようになった。有名な例として、NICT によって運用されている
「ひまわり 8 号リアルタイム Web」が存在する。このように最近では可視化されたデータの配信サービスの重要
























図 1: VISHOPトップページ 
  
データ特性の視覚化を目的としたオンライン可視化アプリケーション VISION の開発  
 



























Figure 1.  Visualization result of AMSR2 36GHz Horizontal Brightness Temperature using VISION. 
 
